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an iaterfaae Is formed between w l<mle 
liquid end a solid pheee# iocui are i^ deerbed mad e dletribetlom 
t/ o t ions oMore near the surfaee idiieh ie different from
that In the bulk of the llq^ mld# An eleotrloal double leyer 
1» met up# me e result of uneqeel distribution of peid,tiwe 
and negative ions#
^^eordlng to the thewy of Oohqt ( / )* ( 2 . ),
and Detye wad Hâekel C 3. one ekr rge layer is omsidered 
to be a surfaee ebarge on the solid ph&se# b&laneed ty an 
opposite in the solution whleh oonsists of ions
attracted towards the mxrfaoe but spread out from the 
Isaae iato surface regions by thmaal dispersion forces#
%e Detye-^ üakel Ww»tuent showed that the dispersim of 
the oht rge layer in the solution would be greater, the more 
dilute the soluticm#
The ions in this space or ^diffuse*
layer, were oonsidered as point charges n^d their motion 
under themal dispersion fmroes wmm taken into account by 
assuming that their average ooMsntratiem, , at a given 
point, could be calculated from the average vsliw of the 
electrical potential,^, at the s#me point, by means of 
aoltsMS&%m*s theorem# Tbsis
7i'i -  ‘Y
vhw# 71^  g oomantriition o f c, vmlmay , in the
bulk eolutien, far from the auxfaee, ahwe the potentiel 
ia aero, € = the eleetronia Anrge# A = mltme#nn*a eonetant 
f - the absolute tampers tore.
ComMnation ef the Boltmnn expreaeion with the 
a r repris te form of oiarnam»# equation, for a flat surfaee, ’
i#e# /%
^
4!^  ^ 6
Wmre - the normal oo-ordinate, />  ^ the Wiarge density 
(dlstonee X from the surfaee) and 6 » the dielectrio eonstaot 
of the medium# enabled the foUoeing expression to be derived 
for # tho eharge/es&Z c f  the Oouy diffuM layer:
\ 77" /
share ? the potential at the surfaee#
The Oouy theory, outlined above, suffers from 
a mmber defeote ( 4: )• Khan the extension of the diffuse 
1: yor is eonsidorable, i.e . in very dilute soluticms, i t  
appears permissible to negleet the finite dimmirions of 
the ions nd ooneider them as point ohurges, but in eleetrelyte 
solutions up>.roaohing 10 nomml the Oomy theory lo^s to 
absurdly ooaoentraticms of oouater ions n m r the surfaee. 
This hi s been i>ointeL. out by Edheman ( S. i nod Vervoy and 
Overbeek ( 4 }, who shoe that, if the double layer potential
should hsTs the - not umrssscnsbls «• v&lus of 500 
millivolts# the theory rsquir# s ootrnmntrutlxm of
o untsr ions nesr the swf&ss of 160 normal, for s 
aoaatmtrstlcm in the bulk solution of 10  ^normal.
Stem ( 6 } jo^ opossd mltsrmtioms to the model of 
the elsetriosl double layer, s^ visualised by Oouy. The 
charge in the liquid phase is considérée, on his theory, 
to be divided into two distinct m>nes,
e) m charge, , due to icms held strongly to the 
sitrfsoe by specific ehsmiesl adsorption force# nd 
y o in a plane a small distance, ^ , frc» the
wall. The distance, ^ # is essmaed to be of the order of 
magnitude 10 cm. In other aords, this *^ fi%ed^  layer is 
cm&sldered to be of appromimt taly uni^ i<mlc thickness.
b) a charge, oasistiiig of ions attracted towards 
fimed layer by electrical forces but s wad out into 
a diffuse space ehaxge, i.e . a diffuse ley<r, as In the
According Uie Stem theory, the alecti^ical 
potential declines lin^rly mi thin tw fixed Isysr, us 
between the plates of an electrical #)nd#na#KP, and finally 
tmda, within the diffuse layer, to aero in th# bulk o f  
the solution. Stem has givw an equation which re rsaenta 
the charge m^d nookar of Ions in each a me of the electrical
double layer# This equeticm may be e% rss&eci \tt the fom
I
where represents the saprelty of the condenser'* 
formed between the well and the b>undsry of the fixed 
1 ymr, St the plane distant d fT tm  the TfsXl, - the 
potimtisl r t the surface, = the potential at the 
boimdsry between Lhe fixed nd diffuse layers, F '  the 
Faraday, Z - the ntmber of @s. i<m%/em^  adwrbed into 
the fixed Iryer, A - the gas constant, end ^  the
ads^crptim pctentiala of the positive i?nd negative solute 
innBp defined f s the decre se in free energy when 1 ga# 
ion Is da orbed Into the fixed Isyw.
The above cqmttion c ntelns three stain L zima, 
e oh oorr^s onding to r charge# %ua
the surface Charge, C> , - e^>  ^ ^cÙ
to,r8.. C,. -- «  1 7 . y.u '  J T k 4 ^ 2 ^
wad ^ represents the state of ov rail
eleotroneutrality#
• t^ OTi^ a theory be ccmsldcred a mojor
1 /
Improvement upcm t^ m Oouy theory, prim rlly because i t  
drrwe m diatlmetian between the total potmtiel, ^  , eeroM 
the whole electric 1 double 1 ycr (eometimee known e# the 
n^rnmt potmtiel, operative In electrode phenomena) emd 
the potential, y j  , eoroaa the diffuse 1 yer# This difference 
provides a theoretical baaia for the values of potential# 
invdvcd in elcotrcCrinetie phemaaeoa.
A Varied of phenomena which involve tangential 
diapleoemeat of the liquid ; nd solid phases, l^omg the wall 
; re termed olectrolcinetie phenomena. The application of a 
i^arlng force parallel to the Intorf oe results in the 
vell^ kno n effects mmdi as streaming potential ( uinske 1859) 
and se imitation potential (Dora 1878), while appliesticn 
of an electric field, parallel to the interface, brings 
about relative motion, as in electrophoresis (Reuse 1808) 
and eleetroossmsis (Forret 1815). These various effects 
h^ ve been sumarrised by Booth ( 7.}. The important factor 
here is the potentif 1, known widely the ^ potential,
&t the plans of shear. I t has been reallMd, for many 
years, that the ^ potential is quite different from the 
potential, 7^  , aorose the whole double layer. 4 i& 
general, considerably smaller than wad «dweas it is 
mazksdly kffcoted by the rdditim of Indifferent electrolyte, 
remains unaffected. As discusser later (Section XlD 
there exists some doubt as to the exMt location of the
plaM of Wioaf, ia «lootcoiclaotio Helatliro
■etlaa of tbo ébargi» l^yw# (j, and c^aaot bo iaoalvod 
tet Itlo not gw^polly «tooepkod that ^ oorraapoada weaatly 
«1 th M*a potoatlal# , at tha bauBd&ry betoaan lâia fiacod 
i>ad diffusa wa* Boaovw» mmy autbora fgraa 1du>t tha 
ÿlM* of atnêmr ooinoldoa» mar# or laas axaotly, -flth tha 
flrat lajar of rdaorbad loam# this point «ill ba ofmaldorad 
la more detail in saotlom XXX#
IhMdt «ortt has b#M ùema In tlie iavaatlgatlon ^  
the alaoAroklnetle or 4 potential» for many kind# of 
latarfaoe# Ontll <$olta reotntly» however ( 4- )» I t has 
bam» dlfflmilt to find ograaoumt batwaen résulta obtoiaod 
by dlffaroat methods or \^rbera. However» even aeswüng 
rall&hlll^ of any given alaotri&lnetlo df ta» <mly the 
net «Awi%e of the diffuse If yer o«k be evaluated# Henoo» 
even fw a surfaee deriving Its aharga solely by Ion 
adsorptlom (l#e# ~o mad )» only the net dharga of
the fined layer otua ba evaluated and little  istfocmrtloo 
has been obtained about the aetual anahsrs of ions of emah 
algn In the fined laymr# However» Rutgers { S ) turn suggested» 
In eomwotlm with measureatmits of electroklaetie potsmtlale 
and surfaee ooadDOtmwe at elsetrolytVnlass interfaoes»
Mmt there may be» in the nel#dKKtthood tiw wall» a 
fffemt number of Ions of both signs and that Um net oharge 
of the fine layer ie brou#»t about by a relatively small
of 1 me of one eign#
Vitri M worker#, (See e.g# fhllpot St.Legw ( ?. )), 
h ve dîMusseô the Stem th eo ry and often produced 
experimental evSdemie m^porting the baelc nodal %md rlyln# 
the theory. Inveidakly, however, the concltuilon is reaAcd 
th&t, represeatlng the Aarge and mmebar of imm
in a oh xone of the double layer, the stem equation ie 
of little  {uraotie 1 uee t preeent, bacauae of its eom^c&ted 
nature ud becaup# i t  eon tains eevgrml parmetare not 
experijsmtally detmeina^e« For Inetente, Indlvidnal ionle 
adeoriiticm potentials wre not obtainable. Further, the 
derivation of Stem*# equation involves the o neld-mtim 
of tAw p eking of the various adaofbed i ms into the fixed 
layer; if jC ^  refureaenta the mole freotion, of an ionic 
specie# in the fixed layer nd ^^ the actual nonber of 
ions L per omZ , team
vhere is the total mssbw of ions wad nnletele#y^ em. in 
the fixed layer. In sane drmmstaneesA  ^may be, as Steen 
assumed, a constant, equal to the ftamb<>r of *^#6sorption 
sites on the surface cf the solid phase, if  such exist, 
but othervim i t  will depend on the si?e t>nd packing cf 
th e various ions « nd molecules and ill  vary %ith the 
composition of the layer. Even if the solid phase has a
mcAer of fixed sites, Nf may vary if tee area of acme of 
tee edeorbed ions or adeeaXes eboold be gre? ter than test 
of m site# An iamediete umerteinty in eelouletione 
employing Stem*# eqneti m is therefore ei^mrent.
The work to be described here involves the
detesminetion of the total icmic ocmtent of the teole
electric 1 domble laym* cad the eoddnation of the results
vith elcctrokinetio date, vhich primarily give Inforaatloa
on the diffuse layer only, in order to iavestigste the
oomposition of the separate a^ nes of the double layer.
%uaticws hmve be#» derived, which remove mcmm of the
inhermt difficulties of Stem*# cquatim. A nee paremcter,
termed the adewption energy of an i^n is introduced end
i t  is shmm te t the esperimmatml work described enables
caloulatioa of this qtmnAty for individual ionic s ^ ie s .
#
The method devised for determinetinn of the total 
ionic content of the double layer consists of the measurement 
of the oonduotances of electrolyte solutions in equilibrium 
with suitably powder  ^ solids of h i^  surface arte per gs.
In other words, a comentration loss technique, using 
eonductimetrio auHisureacnt, has been employed.
tee choice of suitable systems for investiratiom
/o
in this was govwroeô by two main factors# Firstly, 
i t  was prafarabla to cteoosa a solid phf so t^ hloh wcmld 
carry no of its om, e.g. by prctarsntial ralaass
of icds of Oiia sign# Secondly, i t  was desirable to cboome 
a eystem, or systems, for which electndcinetic data 
appeared mat reprodmcible and reliabla. Becsnt meascrsments 
of the elsetroicinetic charge and potential at fuaen siltea 
surfroes in a number of electrolyte solutlama, by Delia 
and Uton ( /o ) ( // ) ( /r ) ( /) ), using the sedi-sentstlon 
velocity method ( ), have proved to be quite reproducible
and comp re well with similar determiarti<ms made by yones 
and wod {/^), uslnq the streaming potmatinl technique# Also, 
fused slliCA seems*' likely to satisfy the first re mSremmot 
i3snti*:^ 0u above; i t  seemed hi#)ly probable that fusee 
tiilica sm'faces in electrolyte soluticsis would derive their 
ctw&rge solely icsi adsorption# ror these re scms, 
investigations have been carried out upon silica surf ces 
in Ü number of electrolyte solutions#
Finally, the results are compared with similar 
results for c rbommdum surfaces, ihioh have more recently 
b^ en obtained in this laboratory#
s isma» I#
B* Préparation and P«rlfi#mtlom of material#
//.
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7bm dealgm o f feta* « e ll m a a b la fly  Inflm aead  
tof tao fm tw s  t
a ) . îha n aaesa l^  fe r  thormg^ eleamlmg.
. ) •  AdAltlco o f so lid  m ta r la l to  tha liq u id  
In tha o e il «oold e ffa e t tha la v a l o f the liq u id  with 
raapeot to  a flaad  elaetooda ayatam.
Oomadaratloa (h ) lad  to  tha daalaian that i t  
would ha neaamary to  uaaaura . l e  eonduetiw lty In a 
aaparata Uhaaihar to  that la  whl.% aolutlaa aad so lid  
m aterial aosra to  ba aquilibratad# The daaign ia  as shoum 
ia  Fis# I.
tha main aa ll#  A, had a eapaal ty  o f about 
£80 oat» tha aoekat a lso  a t ailhar aad belag S#4S# 9ba 
l oaar smd at th ia  a a ll was ematrmoted aa aoaicat and 
atoppar for tao raaaoaat
a)# I t  mi^ git aubaaqoently hsaa proved asttfUl 
to  have aa alaotroda ayataa in  tha mate aa ll#  Thia 
eould ba arraagad a ia .ly  by rapl&oiag tha p la ia  atoppar 
by a atoppar oarrylng an alaotroda ayatam#
b)# The barrel o f the a a ll would provide a 
ooowanient aappart fo r  the A#45 stoppers during ataualug
/3
after elcmning.
tee top stopper of tee mein sell we# provMea 
with inlet tubes a and b, in turn fitted with eop sad 
stofg^ respeotively# m# B#7 sise, wmm an sir inlet; b, 
B#10 sise, see for edditi<m of solid smterisl or stock 
solution of electrolyte, tea tube for passage of solution 
to the subsidiary cell, D, passed throng the main stopper 
Nsd WAS fitted with a B.7 soteet at e so that an extension 
piece, d, cf length suitable for any particular series of 
neasurenwts could be fitted, tee subsidiary mil was 
eonnected to the main cell via a B.7 cone m û so<dwt, e, 
to facilitate cleaning# and fitted vite a capped side sms# 
f . I t contained the electrode system supported on a BwtB 
sise stoppw#
dear solution# ovor tee sedimeg^ ed solid 
material in the main cell, could be blown into the 
neaeurlng cell by a stream of purified nitrogen entering 
the at a and returned by a stream entering at f .
tee electrodes were of b ri^ t platinum, 2 cm. 
scptare, about 8 mm. impart. They mre separated by glass 
diatame pieces at the comers and supported by platinum
F IG . I .
wir«» p###lng throng th# #*alad odOb o t th# glm## tab## 
la  th# stopper* Ooataot with th# #l##trod## mm m&Am 
through mmrourj la  th# glass tubing* Thlok ##pp#r leads 
fro# thi# m#r#upy led to the bridge ri# mareer y onp# 
dipping Into the th#r#o#t#t*
%# shol# gl### #jM>eretq# #es «t^portad on #
bopass frsouMOric la  aa o i l  them oetat sw lntalned at 25 0 1 
#•006 0 . leeperatare eontrol aa# aalntalned by a nercoigr* 
tdlueoe regalstar la  oanjanetlaa with heating bgr a 100 
an tt ls#p« %he brae# frswwfirk aa# r ig id  «nou^ to  a llo a  
th# atoole to  be roaoasd fro# th# th en w stat and algoromely 
shaken to ensure éq u ilib ration  o f so lid  sad liq u id  phases 
In the S e ll.
 ^?•, MÊÊarmm% tf  ffntm im tt
D eeerln tlw  o f th# bridge.
Tb# umml bridge type o f e ir e n it
v&e omed for the «eanrenent o f the reeietenoe o f the e e ll#
A metre elre# AB# o f to ta l rw letan oe about 
Qkmm with end reaiataroea r, # eeah o f about 100 ohaa 
provided the ra tio  axma o f the l»ridge« The reaiataaoe bom 
X wmm l%om-lmduetlve aa supplied by The Cambridge Inatriaegni 
OomKpmaxf and was oalibrated  agaimat a bom prevloualy
/ 6
CM
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Oftllbratad tha National Pbyalaal Lahowtory# The ranga 
of thia boa #aa 10^ 000 oteia in #01 ohm atagea# Xn paraUal 
irith X #aa a variable oooAanaar# %# having a ooetinnoaa 
range np to .1 m#f#d.# to eoa^üoaate for aall oapaolty#
fhe A.Oe ffouree end the noil point deteotor were 
moorporated In one me trônent aapplied by Almeo Laboratorlea
Ihla an];^led a fre<|tieM7  of 1500 eyelea# The deteotor»
unit oonëlated of an an^^Ufler and P#C# nloroaaa&etw# Sar* 
phone# eould be need with thia inatraaent bat an aeeuraoy 
of 1 ia 10^ 000 over praotloally the whole range of realatanoe 
maanrec' In thia work ocmld be obtained wjhb the vianal 
deteotor#
The in#trônent vaa samnted aoae diatanM from 
the bridge# the oaoillator oatput lead being nnaoreened 
twin flan bat the aapliflar input iMd being aoreened#
Berthing of the bridge warn found to be nmneoeaeary#
The realatanoea r, # and # were embedded in 
paraffin warn In glaaa tabes auad Izmeraed In the thermostat#
The e lid in g  oontaet C was a brass kn ife edge; 
the p osition  o f oontaet eould be read to #2
/»
Wft..ar for «wamirmanto no to l OmMO oh— g
Sha a lM tn o a l «entra o f th# tarldg# utir# «&# 
determined by su b etltn tin g  en M ieoretoly known reeietenoe  
for the ce ll#  *teking ont" the ease reeietenoe from x end 
bel enolng the bridge# Thia he# bewm frecfoontly oheAed 
throngtent the eouree o f the work end newer found to  very.
With tite e lid in g  eonteet elenped to th i#  
e le e tr le a l centre o f the bridge wire# reeietenoe# in  the 
range 10#000 •  250 hhas eoold be d irectly  meaaared with 
the aforementioned aeearaey# to  meaanre below 260 eha# 
the neeeaaary eap&olty o f M Inereeaed rather r&pidly and 
the aenaitlw ity f e l l  o ff bat the need to  carry oat 
meaaorement o f ao em ail a reaiatenee waa very infrequent#
H^ i«g ta#lffpftg# / o r nMüMMMBt r t i^ « tM iP V i,n n n  # # « ,
For M«Bar«Mnt# o f r##l«t#m#*« gr##t«r fetiaa 
10*000 ohm# r#Blatano# r, * «eoU  b# abortaû cmt Oy « 
pi### o f  th l# t ooppwp #ir#* th# pr##ti#«l «irrangomnt oC 
# 1# ^npononk# o f th# trldg# #*• oMh th#t Wil# ooold 
### ily  b# doa# lay Insarttiig « «o@p#r lin k  Into luermry
OOP##
Qw trlOs# ##» ealltratod ## fellow#*
A m#ti o# l Phymiool taborotory «#lihr#t#a aroolstenee
I ?
bojL# R# was oonnwctw<^  ia place of the call md warioas 
resistance ratios X/H were taken oat. Per eaOh ratio the 
hal&noe point on the bridge wire was deteralned# A graph 
was oonstmcted by plotting the ratio against the 
bridge reading.
Any resistance of th»  cell could sabseqaently 
be detmsine^ by reading off the wdlae of x/B. corresponding 
to the bridge wire reeding and asiag the eqastion
Wmown Itosistraee a   XX/M oorrwpcmding^ bridge wirereading#
the bridge ealibratlim waa between walaes of x/B from 
.01 to .1 end enabled resistaaMS xxp to 600#000 ohms to 
be meaeared with the aforesentimeed aooaraey. Raeh highm* 
resistances could# of coarse# be meamred bat the aceoraoy 
fell off rapidly.
For the eell ased in these experimemts# euntslning 
oimdaetiwity water of about .5 gemmhe# the measurckt 
reaistanee was about S50#000 ohms and tbus the upper limit 
of require 1 measurement was well within the suitaWy eoeur&ite 
range cf the bridge.
§ p f  ArgMvWh
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As i s  tUMMtl eonâasASaatrle i i s s i i r i i i t s  i t  
«SS nsssssary to  *«# slsnntng sg sste  stiiah  rqsows  
sfY sotlw sly a l l  trass#  o f g rssss without Issiwlag say 
sdsostsd  astM rial so  ths dsMosd aartsos# Sbs proânsts 
s f  tb s r sss tloft bstws m  oonosmtratsd n i t r is  so ld  and stk y l 
a lo sh sl bnve boon found most o ffs s t iv s  for sleanlng tbs 
g lss s  sMpmrmtnse th is  trsatmant wss follow ed ty  rin sin g  
with d is t ille d  water* steaming with tbs steam from d is t ille d  
water fo r  about 45 m iim tss and fin a lly  rin sin g  with 
eondnotiwity wstmp. lb s  s#ps%mtus wss dried in  en a ir  
omen a t ISO 0# -
the p la tian s elsetrod ss were found to be most 
ounweniently degressed by washing fiiw t in  beussns and 
than in  sonoentratsd solphurie sold# They were then 
treated with the w apovs from tbs resotio n  between 
oanesntrated n i tr ie  asid  and eth y l a lssb e l and fin a lly  
soaked for several hours in  eseeessiv e  ehsni^s o f 
eondootivity water# They have been steamed on sons 
osoesions and* the s e l l  eonstsnt having been frequently  
obsoked* no shange has been detested  thruUf^ th is  b est 
treatment#
j 4, of @#11 ojowfo t .
Am the MUM oell wmm to bo mood over a oido
.6 )rang# of elootroljto oonoentration (5 x 10 *2 x 10 B) 
i t  vas nooooaary to dotoraino tho ooll ooAat&mt a t a 
nunbMr of (Kmoantratloaaa thrcm i^oot tho rongo# Thia ia 
dao to Tojrlationa in tho ooll ouatant with ocmcœtration « 
an affect generally known ao tho Parker off act* which 
ooBi^ i^aoa a nosibor of faotora inoltiâing ooll oonatmotioo# 
bridge aat^p# etc. aeo# for example# tirban# white end 
Strasanor
For each olootrolyte# tharafora# tho reaiataooe 
of tho ooll containing a nuaAar of aolnticma of oonoentratioaa 
within tho range 5 x 10 2 x 10 # woo determined. Tho
aolntiona wore aocuratoly made up kgr woi(g%t and tho ooll 
eonatanta wore oaloulatod naing tho known oonduotivitioa# 
aourooa of ore giWMi in Appendix ^
.
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Ht. Pr^DTatlon sjg&
J  I m. . O o a a » ttv lty  Batw.
CoBdrntiwity mater me prepared by two method#: 
m) Osing a eoneentionel etlU# 
b) Velng Bu ion exchange realm#
a) The a t i l l  ma of the type deaerlbed by Bourdilloii (7 )
&nd modified by Ben^ oagh» Stmrt nod Lee (/*.)# a little  
potaaaium biaulphate eaa added to diatiUed eater which 
me heat#, in a ooppw boiler# ihe ateam eaa paaaed 
thromgh a long i^irol spray trap then into the middle 
of a long tin tube# A rapid stream of **pore wir** alee 
paaaed up this tube nd carried aeay the greatw part of 
the carbon dioxide present# the ateam Mndenaed at the 
top of the tin Wbe in a mter cooled aeetim and 
oondmtieity eater ooUeeted in a bloidc tin receiver at 
the foot of tube# About 500 emt of eater of eonduetlvity 
•3 - #5 gomoho could be collected# at any one time# 
directly from this tin receiver# Larger quanti ties of 
conductivity eater# required for vaahing of apparatus# 
silica etc# or for preparation of stock aolutioma# acre 
collected in a **eell*8eaaoned** Pyrex flask o<mneoted to 
the Uook tin receiver by a Pyrax siphon tube and fitted 
eith a aoda-lime guard tcmw# The condmtivity of this 
eater eaa #6 • #9 gam^M>#
Xi
Purification cf air# The air supply aaa drawn from 
outald# tha laboratory# by naan# of a mtar (iwp# and 
paaaed throng a acrlee of bubbler tube# containing 
concentrated eulf^ aEcric acid to renowe aaaonia# Carbon 
dioxide #a# rcooved by then paaaing the air through tec 
column# packed with glaa# bmd# noiatened with cauatic 
aoda acluticm and one coluun of 28^  cauatic soda solution# 
Finally the air paaaed through two spray tatmpm &ad two 
glass wool filters# The caustic soda solutim was changed 
after ^bout hours of use#
Bitrogan# used in paaaing Mlution from cell to 
cell (Xa# § D# was also passed %^rough a aeries of bubbler 
tubes containing 2 0  cauatic soda solution and conoantrated 
aulphurio acid and then through two glass wool filters#
b) Fw the later work to be described here# conductivity 
water was prepared by the use of an ion exchange method# 
The apparates is idweu dlagrasmatieally in Fig# 3 # The 
column# A# 25 cm# long and 5 on# diameter# had a sintered 
glass disc# S# at the lower and end was pa^ed with a 
resin# ''Biodanlneralite*# supplied by The Pemutit Ck>#
Good distilled water# pravioualy boile out# ms run 
slowly from the reaermir# 0# into the column and 
conductivity mter collected in the reoeiver# 0# which
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«M pr«nrl<« mly "ULorn cnt* «1th nitrogoa «1# th# t*he, D.
Ihbea* F» @# p»Wc*d «1th mod# lime# prevented eerban 
dioxide from entering the e^eretoe* Ahoat SO litre# of 
voter of eemdnetlvlty lover ttma *5 gi—too eoaOd be 
obtained from one oharge of realm. The realn vo# not 
regemen&ted hot replaeed ot the end of it# it#«fal life . 
Cmdeetlvl^ voter of the hl(lm#t qoollty vo# wlleoted 
dlreotly from the tnbe D Into the experimental oell.
Voter of oondnotlvl^ a# lev o# .2 gemuho vo# obtained 
In thle may.
|g . SleetrolTte».
Rleetrolyte# stodi#â mm hyoroohlorlo# ni trie 
imd eulpWrie e^lAe# petmeeiim ehloride# poteMlw nitrate^ 
eodiw chloride poteeeiis» b^droxidee 
e) Qydre^ A&lorie# nitMe uad mlpterie eelde#
Aee# MM mH of A.R# qmility# Approzlmtelj 
tenth oofMl aolnticme iwe *ed# la eoWoetivlty weter 
«had etenderdieed mlwotriMlXy hgr horox# asiag methyl red 
## ladioator# More dilate eolatione ewe mode vq;> by edl#t 
from tho tenttr-noml eoXatioae»
b) PotaeeiiM ehlorito# petmeeiem aitrete aad eodlem chlomdLde# 
the A#Re qeelity metwiele ewe reerjretellieed 
eevwml time# frora oomdaotieity ester» fiasl recry#tslll##ti<m# 
being osrrled oat ia m pletimm dish# la the ocee of eodimn 
(Aloride, oeiag to the lam temi)erstare ooeffieient
Of a(d .«b llltj#  otystolllM itiLeB «a# *llo##d a fter  p artia l 
evaporation  o f the ea ln tlon . The n a ter la le  «ere dried  
tgr heating to  redneaa and oooUag in  a d tea lea tor. 
aolntiona «ere made np la  o o o d ee tlv i^  eater by ^el»it«  
e )  Potaaalom hydroxide*
the A*B* qmaHty p e lle ts  «ere need, the p e lle ts  
«ere rlmeed «1th oon d n etlv l^  eater to  rénova usy earfae 
la y w  o f earhaoate and an approxtnately tentt>>nomal 
eo lation  «a# taade np# In eontow tlvlty aetar# In a b o ttle  
lin ed  «1th pnrlfled  paraffin  «xx# nader an atnospham ot 
n itrogen , ih ls  eo la tion  «m  e tendardleed  vo ltm trlcM lly  
hy peteaalnn hydrogen phthalate nalng phen^Utothaleln me 
Indien ta r , dare d ila te  exAatlone «are made op by « ^ ^ t .
lake..,
cronnd fused a ll le a  «ne enpplled hy S ieneal 
^yndloete h td .
The a o st eonvenient p a rtia le  e ls e  for th le  eortt 
«me governed hy too main faotaret
a ) Hm sarfaee area per go . mnet be great eomoÿi to  
prodnee a a a ffle lo a t eoM entratlon lose# hy adeorpMon# 
in  t t e  aolu tloa « ith  ahlWi I t  i s  equlllhrated# to  be 
neaeured hy the eenduotlnetrle method.
b ) The p a rtle lee  «net be large enon*»  to  s e t t le  oat#
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a fter  eq u lllb retloa  by mbWdlng with the e le c tr o ly te  
eolctioa» in  time etiiteb le  for the experimentel proceAore#
Preliminary emperlment# IndieeteA the meet 
convenient elm# range to be that poceeecing en tree per 
@m# of abont 2^ )0 • 4000 cm# ihie fraction settled ont 
in en eqneone Mdim et e re te epproximetely 5 cm# per 
minnte. Qround cilice in this eice range we.# obteined 
from the material enpplled ^  fr&ctionel eedimeatt ticn 
in water in a eerie# of large glee# bottle##
The a J lice  we# cleaned by treetoent with 
b o ilin g  aril# rci^e end by the prodnct# o f the reaction  
between ooooentreted n itr ic  acid and eth y l alcohol#
Theee proceeee# were follow ed by repeated waehing with  
b o ilin g  condiKitivity water «nd the e i l ic a  wa# f in a lly  
drioH in  an bir ov«m a t 120*0#
i 4. Det#naln«»lon of ouapfsgs ars# of the ground sHlau.
the peroxide decompoeitlon method introduced by 
Claxic ( /y.) und m odified by Dolln and Elton ( /<) ) wa# need#
About #2 0 i# o f the ground eilica wa# accurately 
weig^ ied and then coated with a thin continnooe film o t  
metallic silver by ettrring for ten aiimtea in enmniacal
as
4^ s ilv e r  n itra te  sA ln tiw  at 70 0 . The silv sred  
p artia les vw e «m#xsd many tin es v itti w stsr and tru u ferred  
t*  a fla sk  oantainlag 100 am. o f s  boraV oanatie sods 
bnffsor solntiom  o f pB 0 .7  ( im a thenaostet a t 80° 0 .
Sae p artia les sere snspeoded tgr rs#Sd stirr in g  and 80 ami 
a f dealammal hydrogsm peroxide  mare latrodnoad rapidly  
in to  the fla sk . At the sad o f 100 ssennds the reaetian  
mas stopped ty  sd d itioo  o f am «ssess o f 28 sal#m oda adtd 
ano the hyOrogsn pooroxide raaalning in  the fla sk  mss 
detopsi ned ty  d ir e st titr a tio n  v ith  deoinosaml p otassios 
permanganate.
The rate mt deooa^osition o f ttie peroxide i s  
d irea tly  proportiemal to  the surfooe area o f ailvMr prew nt 
and aeowding to  d ark  ( ) the to ta l area jomsent i s
given hy
I ^ f lS io s  -  .S 73(t -  80 )) 
ahsro m - mssher o f ami ^  hydrogsn peroxide
rsmatning w^ssosposed» 
t  - tsmparatore o f the reaotion#
E : a ow atan t.
The method mas staodasd isei hy nalng a silvarad  
#>eelmea o f g la ss mlorospheree pr^ared hy Uie metlvsl o f
ZŸ
M ooifB lst «ad d a zk  { i l )  «ad p artle l# -sl«#d  by fr e e t ls w l  
M âlasB tetloa. o t  liadttm g se ttlin g  rsbs
«ad n « i» it per a s . e f  s  saspesslem  the gXsss s^tosres 
gsve th eir  «esm rsd lns aad ares per gpi. The area par #a.#
A# of the grooBd stU ea  «as thsn «Aleolated from the 
equation
IA/ / 9  . 2 g - 6  ^A.
' 4-"^ - 4 ”^^
share ' sMrtiar o f «ml <a l^drogea pMtndde 
roaainlBg uadsonapsasd ty  the g la ss sdorei^heres#
W ael#%t o f s il ie a  used#
« weight o f aiorospheres used, 
k j  : area per g s . at«ros;toer«s.
Sane d iff ie u lty  aas ahperleaeed a t f ir s t  with 
ttm asthod. This aas belleweA to be has to  the feruatian  
o f p artielM  o t  oelleid K l s ilv e r  idiieh attaWxed to the 
f lliv a  daring the a ilv sr ia g  preoess. I t  has been found 
that these may be removed ty  repea ted aaitoiz^ in  water 
e ith  stir r in g , the aash in ^  being rsneved a fter  oentrlfugstion ,
do.
A# PrelliainersrThe ruluhilitj of Willem ia Vfater<
B# ToAtxilqae of (^wluotlaetrio ileamarwmtof AdeozptioD#
iiA .  pRgLpqjtAfflr 
§ 1# %h the eouree o f ppeltetnery vortc i t  #&# 
oheerved th et aAditicai e f  groqad e i l ie e  to  een ta o tiv ity  
voter Ottueeô aa imee ie t e  eoaeiderebXe inoreeee ia  
the ooadteotivity o f the water# Thia wm# a t f ir a t  
attrilm ted  to  improgor o leaolng and c^aahlng o f the siU o a  
tu t a fter  repeated to ilin g  with auow aeive quanti tie#  o f 
oondoetivity water aad redrying» i t  waa fornid th a t  the 
pbenoamott a t i l l  oeearred to the aaae extent# The ineweeae 
in  oanduotivity waa immediate» on eqm ilitoatloa ty  ahWcing» 
aad M auhaeqaeat iaereeae eeearred with further ahalring 
or over a period o f aorne h mra; yet the addition o f a 
further nanvity o f e ilio #  eauaed a mimilar WTfeot#
The followiag aerie# of axpartaent# have heaa 
aarried out ia ordUmr to inveatigate the effeat maore felly:
a)# dmall known wei^ta of the ground sillaa 
ware added to a known wei#%t of aooduotivity mter in the 
Oell and eaah time Wie aondaotivity of the water waa 
determined# Table 1 and Fig#4 atov the résulta# The 
aonduetivlty of the water iaoreaae  ^ linearly with Inoreaaing 
area of ailloa preeent» the propcartioaality factor being 
about 1 #P % 1 0  ohm am# v » where O repreawta the 
rstlo #r## of aille# to volume of water.
b). Blqperlmeat (•) muggeste thet the effeet
is not a MTstal fiolubillty bat th a t only a aurfaoa li^ar 
ia umdargoii^  diaaoluti n* Tbio waa aonfinaod by 
auoaaaaivaly replacing water in aquilibrim vitb the 
allioa by fraab oonduotivity water#
Dy means of the api;w«tna shown In MLg#6 B some 
of the water in eqnilitxriaa with siliea in the oell waa 
withdrawn end wel^^^f the ground giaaa joint# d# of this 
apgmratna fitted Into the B#10 atoppw of the m«in oell 
end water aould be blow from the oell via toe tube o# A 
known weight of fresh eondmtivity mter waa then added 
ty means of the apparatna shown in Flg#5A#
' I t was found that five or six soeoessive 
exOisngea of the water by this mthod gave water# in 
equilibrium with the aillaa# of oonduotivity nearly as 
low as that of the freshly prepared omsduativity water# A 
typioal set of résulta is given in %ble 2#
a)# The presenoe of adsorbed gases# e#g# carbon 
dioxide# on the dried silica# which may be desorbed Into 
solution whm the silica is adkled to water# waa considered#
The main cell (Flg#l) was diaccmmcted# at a# 
from the subaidisry cell sad a top fitted# A weighec
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quantity of ground ailim was Introduced into the oell 
and the spparstus was outgasse > at a tan; mature of 1 0 0  0 # 
The use of a dlffusi<m pump emabled the pressure to be 
redueed to 1 0  mo# %# A known weight of water# of known 
eonduetiwity# waa th m  admitted throng e md after 
equilibration with the siliea# the subsidiary oell was 
fitted and ikm oonduetiwity of the water mrastured#
Again# an inermse in oonduetiwity was observed» 
The extent of the inmease was the sane as h*d been 
observed in «periaumt (a). Tto results are shown in 
%ble 5»
d)* Attmapts have been made to detect the 
^essnoe of silica in soluticm in the watm decanted from 
the grotmd silica# Two samples of the water were prepared 
by adding 2 0  gm* and ^  #a# of groimd silica# respectively# 
to portions of 1 0 0  cbu of conductivity water in tec flasks# 
A# and B# 100 cat of conductivity watm was plrced in a 
similar flaiCr# 0 # wito no grmmd eilica# as a Umoit# 
Mrtions of water from esto of toese flasks were then 
examined for silica in solution ly the metood of King («^ )^#
This microanalytical mthod depends on the 
reaction betMsn silica in solution and acid ssmonim
molytdmt# solution# The produet Is rsâuosâ to s blue 
colour by the addition of s solution of 1#P#4 «mine» 
nsphthfA s^ulphooic acid ia a sdatiaa coatalaiag 
sodium sulphite aad 1 ^  sodiw metabisulphite, the blue 
colour is stabilised ty the addition of 1 0 % sulphmic acid 
end its  intensity measured using a photoelectric absorptio» 
meter vith an orange %o.007 filter* 3be some procedure 
vac also carried out on a standard silica solution 
containing 1 0  mg. silica per 1 0 0  oml the results are 
toocn in Table 4#
e). the conductivities of hydrochloric acid 
and potcssitn hydroxide solutions made up with ordinary 
nxidQCtivity water vwe measured and coaparcd vith the 
measured conduct!vities of solutions these electrolytes 
made up in aster toich had been equilibrated with an amount 
of silica# as used in toe adsorption sac erimmts. The 
results ere tooms in Tables 5# 6 # 7# 8  and Fige.6 # 7 and 
too# that the conductivity due to "dissolved silica is 
additive to the Hd oonduotivity « at least up to a
'•fooncaotration of acid 1 0  % « but is suT^ preesed by the 
presence of alkali. These results suggest to t the 
dissolved material exists either as a silicic acid in true 
solution • in toito case i t  must be a fairly strong add « 
or more probably (see belov) colloidal partiales vith
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bydrogcm gegmlws.
h 2» The "solubility”* of siliea has been noted mod
disetuised by a masber of eoxkers# pertioulsrly in owmeotlM 
with studies on tho "ohmiosl" theory of silicosis#
King (^ 3 ) observed that quarts particles bs&mved 
as if a soluble fraction ms leatoei from their surfaces by 
water# leaving a relatively insoluble core Which was 
resistant to the dissolving action of water# Clelland#
Oumning and Ritchie demonstrated the existance of a 
h i^  solubility layer on surfaces of particles of variom 
types of silica by isesns of m "extractive solubility" 
tetonique# They Investigated toe extent of solubility by 
an analytical method (-2 2 ) and also estimated toe propcrtiom 
of truly dissolved silica ato colloidal silica# Silica 
was regarded as being truly dissolved if detectable by 
the smmoniim molybdate reagent# It was tocwn that dispertos 
of appreciable mounts of colloidal silica was cwnected 
with the dissolution of the h i^  solublli^ layer# toe se 
workers also studied the effect# upon the solubility# of 
pretreatmmt of the silica particles by various salt soluticms# 
acids and buffers (pH f>U)# toey found that pretreatment 
with inorganic acids increased the extcmt of the solubility 
but with alkaline wlutions a depression was observed#
36
Glelltmd rad Bitehie ) dlscummed to# aatixre of to# 
high solubility lnysr m d  proposed i t  to be s vitreous 
silica akin of the Beilby type toey found tost thm
h i^  ^lubillty If yer could be regmersted by ;%rely 
meWmaicsl polishing. Following the idess of Beil^ i t  
ms proposed tost grinding of toe allies does not simply 
reduce the msterifl to finer frsgmots but produces s 
trsnsimt fluid condlticm resulting in s vitreous allies 
layer or skin tm toe surf see. It is interesting to note 
that these worimrs did not find that drying the silica 
caused re^^meration of the soluble layer# The tea^ p^ erature 
of drying earn 37 0# In the presmt work* however# i t  has
' Ibeen found to t a soluble l^yer is regenerated by drying 
at 1 2 0  0 # after pretreatnent in acid or neutral solution#
f rW, t  I t  
of imtor = 155.65 fft»
A r t m / g m *  of #1 1 1 ## = 3  x 1 0  ^ qm.
Initial oan<]u#tlTlqr of water ^ .4 ^ 7  g e e * » .
3 7 .
TOtel walgltt o f a lll# a  addad. ( # . )
O anaw tlvity  o f «atar. (gaeOho).
AqiLStjriMsftV ol. o f water.
0
5.90 •6060 101.6
18.03 .7768 854.9
16.55 •9118 :B5.g
20.80 1.000 406.8
8 6 . ^ 1.1  r7 493.8
'^•64 1.88î> 578.9
55.84 1.400 700.0
41.81 1.5P5 004.8
46.80 1.658 908.8
Î30.79 1.740 091.9
55.06 1.834 107ft
60.60 1.965 im t
65.53 2.076 1879
70.48 2.811 1377
75.48 8.526 1475
cSJ
u
%J
9#%
(D
3?.
T t h X m  r .
163*24 #^*of w#Wr in oell 
of ^liee mâûmà 
Aroo/gn. of silioe  ^ 4*S x 10
Initial oondimtlvity of voter *5326
OonduetlOlty ef voter after rddltion of eiliee
jt.u
5*
%ol^t of mater removed, gm.
mel#A Of meter cddedUm -
te lf^  Ofmater In oell.m»
Otmdootlvlty of water, gemmhe.
1M.SS 118.0B 168.73 SMJi
118.81 119.75 162.66 1.940
114.80 190.96 168.% 1.008
117.89 114.89 165.% .6849
115.4:? 108.11 166.64 .5976.
lÊM aJkx
•9 i ^ t  o f #1 1 1 0 » 0 *tg»»»*A  ^ @ # . 1  #»«
r # » / a o «  o f a lllm  = S x  lo  om#
«olght of »»t#r Omitted = 1S0«04 gm*
C ow tuotivi» o f weter bofor» cdmltt&ne» to slllM t r , ,3.110 X 10 ohm mm.
Gondttotlvit; o f ma tor a fte r  a*mltteme# to  slUo» ^ _l.W l X 10 o m . '
Fiioo in oomdootomoo per malt m l . e s  X l o  ohm  a m .W&l

4 .
Are# gm. o f a ille #  = & x 10
SeltttlonMUttlaad. Abaorptloawter Seale Reading (o n # .).
c. Blank 20,00
1 . 100 gm. Bi.0 Fran * 90 @#. 810. 19.78
B. 100 a#. H.O Fron f 40 a#. 510. 19.60
S . Standard. 17.10
5 .
goBdeetintaw  ttf Ugi «Q letlap# 1 » ordinary eopdnetlvlttr « e ter . 
I n it ia l een d u etlv i^  a f ##t#r = 5.860 % 10 àtm  ' -I
( k m e .  Hd c .
( ■ o m a l l ^ ) .
Beasnred 
eonduetlvity K .^ 
o taa  ' o n .  '
9 .2 9 7  % 1 0 3 . 9 6 C X 1 0  *
8 .0 1 3  X 1 0 7 .6 1 8  X 1 0  *
3 .7 3 4  X 1 0 1 .4 9 0  X 1 0
8 . ^  X 1 0  * 3 . S 1 1  X 1 0 '^'
8 .2 6 8  X 1 0  '* 9 .6 5 6  X 1 0 '^
5 .5 7 9  X 1 0 * 2 . » 6  X 1 0  *
1 .8 4 8  X 1 0  * 7 .7 1 5  X 1 0 *
f i .
Condnetlvitlea e f  «Cl wlatlep# la eQ#m*&l v l ^  «&AÆ 
eontslain# dleeelved «lllee. 
r.elf^t e f  «lUoe = 85.7  gm. 
felg^t of e&ter 
Area/(p. ftlliee
I n it ia l  eoaânetiv lty  o f wnter = = 5.S01 x  10 ohm
(kmdnotlvlty e f  ««ter In   .  *  -» -»eq alllb rlim  «Ith  the a llle a  - t j  = 2.796 x  10 (A* on.
a l ^ t  e f  the «ater ranovad fo r  eondoetlvlty n a  = 149.M  an.
= 2 0 8 .9  @ a.
=  4 .8  X 1 0  o n t
= e  = 1969«*.y«J
- r
Corne. Hdc
(Memallty).
Heaanred 
MntaetlTltl' Kw atan " en;' S J
6 .7 0 6  X 1 0  ‘ 4 .5 2 1  X 1 0 2 .2 5 5  X 1 0 '*
1 .3 2 0  X 1 0 ^ 7 .3 7 1  X 1 5 .1 9 5  X 1 0
2 .7 9 3  X 1 0 1 .3 4 4  X 1 0 1 .1 1 7  X 1 0  *
6 .0 4 0  X 1 0 ^ 2 .7 1 7  X 1 0 * 2 .4 9 0  X 19 *
1 .4 2 4  X 1 0 * 6 .2 1 5  X 1 0 * 5 .9 8 8  X 1 0  *
8.892 X lo'* 1 .2 5 1  X 1 0 1 .2 2 8  X 1 0  *
5 .9 3 4  X 1 0 '* 2 .5 4 3  X 1 0  '* 2 .5 2 0  X 1 0  *
1 .2 9 4  X 1 0 * 6 .3 9 5  X 1 0 '* 5 .3 7 2  X 1 0  *
I sèIs-Zl
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Oondaetiglti»» of K(XI «olutkm# In erdlnmr» oonanBtivlty
«mter.
Znltlel ooadiMittTltjr of «etor -7  _  /  _  /2.173 X 10 otm on.
Goao  ^ K m  
( B o m m l l t g r ) .
Hmmmormâ
e o n d u e t l v l ^  
à t m "  m i '
8.753 X 10 *^ 
5.477 X lo'*^  
1.060 X 10 * 
8.490 X 10 * 
4.852 X 10 
1.591 % 10^
0.908 X 10 
1.400 X 10 
2.787 X 10 
0.137 X lO  
1.S47 X 10 '* 
4.198 X 10'^
AmAwtlvltle# of KOH in ooWuotlvlty w»t<^
conttiinln« diwoXTaA mille##
of dlUea > 7D.2Ô
: ei{ÿit o f  WLtw -  gm#
Aroo/gm# of a ll lo #  3  % lo’ omZ
lU o f  a l l l y  = e  -  1330.«M of «mtar
Xnltlal eoQâitmtlTl^  of mtor Kw -78.&15 % 1 0  Q#m
OcmdMtlYitT of water la oquill'orioRi with tb#
r o f  the w t^er remowW for ooz&Amotlwltf nm
ye h he eilioe  ^ - 2*016 x 1 0  ohm
141.78 #m,
OoDO. KOH
c„(SoniFiitK).
8#aaure4 00X400tillty  T„m  ote'' m ti'
1.073 X 10 "" 2.662 X 10
2.480 X 1»'^ 5.988 X 10 *
8.360 X 10 1.368 X 10'^
1.821 X 10 * 3.190 X 10
8.848 X 10 7.862 X 10
6.071 X 10 '* 1.662 X 10'*
1.273 X 10'* 3.5T) X 10
IA)
IA•o
VAI
m
L O G . .  K
4^  £
m
o
m
Xo
0
o  o
L O G , ,  K
a t OondtatH—tarto mweurmwmt
«f àAmoTvtXoa.
§ 1 . ïh# appmrmtom (P |g * l) «as f ir s t  "blssn ont* «lt&
a stssM o f p uriflod  nitrogen «ml a knosn « e l^ t  o f 
OQOdtoetlvlty natsr Introdaosâ la to  tbs main s e ll*  A fter 
H om ing time fo r  tospsrsture oq u llltr ln n  to  be attalnsA , 
skttor «as bloan over Into the won soring s e l l  n^d tho 
oon tiio tlv lty  doteralnsd* Oonstsney o f brldgs roadiag «as 
teken as the o r lter lo a  o f «qfsllltrlon* A kacnn «slglht o f 
groond s lllo a  «as *>ddaa and sqalU tratod  «1th tho «ator 
by rnfwrlng tho sholo apparatos fm i the thnmsostat and 
Shaking* tfter  se ttlin g *  ttis oloar «star «as blo«o Into  
the «easorlng s e l l  and the eondnotirlty detom lned* sto<dc 
aolntlon o f e leo tro ly te  «as ttisn added In esuû.1 q u antities 
from a « o l# ^  b orette md rafter eaoh addltl<m o q o llltra tio n  
«as attained  by shaking and the ecm d n etin ^  o f the aolntlon  
deteanaInert. aqulUbrlm i «as n sn slly  ottcInert a fter  shskiog 
t«ioe* the q aan tltlos o f stoek aolntlon added «ere snoh 
the t  the oonoentratlons o f the so lu tion s in  the se ll*  I f  
no adsorption took p laoe, noold be abont 1* S* S z  lo  |
1* e* S X 10 and 1* S X 10 nrassl*
§ 8 * OorreotlAo of aeosumd otmrtuotltitlos*
Preliminary oxperlaMnta (HA* § le) Indloeted 
that the inorease in oondnotisity of the eater* dno to
4 3
d isaoln tlon  o f o lllm a, '«a# «dâltivo to  tha oondaotieity  
o f added a eld . Bonee la  the Interprétatlom o f ooadaotomoe 
aeaoaroM nte fo r  adeorptioa from aoid aolntloaa (rœ tlo n  
XII) th is  ineroKoe has been treated as a type o f so lrent 
oonreetioti* ttm s If*
= O m dcntlrity o f B^ O before additiono f sU iee*
Kj > O ondootislty o f B^ O a fter  additiono f s i l lo e .
and C m d astiri^  o f eeln tion  a fter  addition
o f aoid to bring the oaaosntratlon to  c . (■ o m slity ) i f
no adsw ptlon took plaoe* Own the txne oondaotirlty* X  ^ > 
o f Iho aoid le f t  in  the bulk o f the eolation  a t eqoilibrlom  
ooneentretion o has been oalen lrted  from
Xr = -  CX» - Xw).
Ks •  X V, aaa not X » mas need as ttw  eorrootien
footer sittoe the oom dootlrity X^ i s  gm erelly  attributed*  
see e*g* UaTles (>2.7 )* en tire ly  to  h drogen «nd biearbonate 
ions* ftBmiehsd by d lsselsert oerbonie roid* the eonoentratioa 
o f ebW» « i l l  be su&>preesed in  aoid solmtiOB* suppr e ssion  
being r ir to a lly  ea^>lete a t ooneentrntlons of  added aoid
*5greater than 1 •  B n 10 8*
the app lioab ill^ r o f t ills  method o f oorreotloo# 
in  the ease o f ; old  so lu tio n s, hrs been ooaflrmsd f s  
dM onbed in  gestion  XIX A .
4 ?
th e Interprétation  o f ttie oonrtnctanoe 
æaenroneata In the oasee o f s a lt  eolutlena p o ta u l»  
hydroxide aolntlon# n l l l  he dlaeneaed In the appropriate 
aeetlon#, (Jfl and (H  )•
S '
■SCTT il III.
•«dsarptioB toy rillea from Aoid rulntlons*
St
HIA -  TaajPHCAL.
§ 1. m# Total lonio Qontw» <tf ti* Doubla
%# OBMËber ttolttto tons» ^  # of alg^ #
involved In the vhola mlaotrloel doohle leyw per tmlt aree 
of iaterfeoe le g^ ivmn by
^ , JL (<<,..-'^r') . <^ ) An  , )
mWre B r the Avogedro mWBwr# & « e ooodnetlvlty of 
the eld (ocemontretlon c, norMl) in the ebamee of 
edsorptiun# & ^  = oondootivlty of the aoid ( ccmoœtretlon 
c nom^l) left in the bulk aolntiao ^fter iuXeorption 
(obtained fron aeamred coodaetlvitiee a# desorlbed in 
eeticm HB $ 2 )# & n are# of solid ph^ ee/volnme of liquid 
ôh##e# t  - i ^  oondMtanoe*
The mnbers of lone# ^ # wre divided between the 
fined and diffuse l^ y^ere#
§ g. th# PlffUBe L^ytr.
The enoeee mmbere of poaltlve W negative aelute 
lone in thr diffuse layer# (over Wie number in bulk 
solution) may be expreeeed in t(U^@ of the bulk eolutiom 
oonowtrt tlvne# # far from the eurfaee nd the eleotsftaal 
potential t tho b uctdary between the fixed and diffuse 
layers# . %ua for a uni~unival^t eleotrolyte#
- - 2 X ("/ - (m l . ^7)
71? r  - 2 X n ?  ^ SoyL ty^di/zhr) { jjr  , 3 .) 
idiora A = the Debye-aoUkel equivalent double layer 
thioknesa#  ^ = the elaotronie aharga# Â = BaltemoAi
aonatant uad T  :: absolute tenpers^trure»
For a u n i-d lv n len t e le e tro ly te  the eorraepandtii^ 
ex^oreseicma ere
»3> - F/'e.y. f .1 \ I  (fjzT t!)
" i J iray. J
there c repreawta bulk eonoentration In equivalent^au. 
üJid 6 is the dleleotrie oonetemt. triotly (  represent# 
the dleleotrie oonstant of the me<flism of the diffuse layw 
vhloh may differ fhon the value la the bulk solution* The 
differenoo is likely to be m 11 for solutions of 
ooneentratiaa belov bout 10  ^1 (^ 8 ) ? nd following usual 
eurrent prMties# for aciueoue solutions in this 
oonaentratloa rwige# the v&lua of ( s ill be taken as 
that for water#
the derivation# of equatlone S# 5# 4* and 5#
are given la Arpeodix X#
The value of the potential# >^ # at the bnmdary
b#k###n tbm fixed i&md difftiae layers has ^ven rise to 
ooneldershls eoatroveray* partioalerly as to «Aether 
is IdantiSBl vith ^  , the pot«»tisl at the plane of ■bear 
la eleetrekiaetle lAeaaaona» (fee Dlseuasloa at the sod 
«tf this seetloa )* I t  would appear likely thmt any Iwsbtills 
layer at the surfaoe must oooslst of leas held ty adsorptloa 
ferees «*od net merely la eqallltrlma «ndw eleetrostatlm 
and klaetls dl^»srsloo formes* Xa the ahaanee 9 t  eaaelaslve 
evidenes. It «111 he assumed that the plane of shear* fta 
eleetroklaetlo phsmsmsma# ootaeldes vlth the houmdary 
hetmesa the fixed iood dlffttse layers »ad thrt I t  Is 
l^titiaate to set y-, equal to ^ Xa equations 8* 5* 4* sad 
S ahose* fhe exseas nmmhars of pomltlse rad negstlse 
solute Ions in the diffuse Isyar may tiisn be ealmlated 
from eleetroklnotlo data*
S gf 2.the nmabsrs of solute Ions* /If, per on* of 
latwfsee la the fixed layer my be Obtained from the 
eqoatlon
Tif  =  A : .  -  T i p .  (Z Z T . 6 .  )I ‘ I
Ibe aotlrlty* O-fp a t  an Ion la the fixed layer 
Is related to Its «etlrlty* d^* la the bulk solutltm by 
the expresslim
= Ay-  - ( . ^ 0  J ( ^ .  7 .)dA ^  L fi -r J
«her# m * 1# th e  e le e tr e e b e e lo a l p o te n t ia l o f  th e  io n  i 
i a  u r a ita U y  tito a ea  afeaaOard s ta te *  S h is  e le s t r e ^ e a le a l  
p e t m t ia l  may b e regarded  a s  o sm a lstla g  o f  two te m s*  sn e  
a  o b sB io a l p o te n tia l*  tike o th e r  am e X e e tr lo a l potem tlm l#
I f  th e  a o rfeo e  e y r r le s  no sh n rgs o f  I t s  o#n (e*g*  due to  
p r e C w e a tla l r e le a s e  o f  lo a s  s i  wme st# k  fr o a  th e  su s fa e e  
m a te r ia l)  I t  s e s a s  j a s M f i  to  a s s sa e  th a t th e  e le e tr o -  
k la e t l e  p o te n tia l*  y  * r '^ p r e a ^ ts  th e  leverage p o te n t ia l  
w it t la  th e  f ix e d  la y e r *  fh en
-  (Wf), = -  ^ f ) .  -• Z-i F  ^ C^ZT- ?•)
ah ere = m la n e y  o f  th e  le a *  <■ » V = th e  Faraday* 
and A , i s  tiw  A e n lo a l  p o te n t ia l  In  th e  stnadard  e ta to *  
w hloh nay e e a v e n i« n tly  be taken  a s in f i n i t e  d i la t io n  in  
both  th e  bu lk  s o lu t io n  »ad ^ e  f ix e d  le y e r . The s p e o lf lo  
tik o sld a l a d so rp tio n  p o te n t ia l  i s  th en  d itfia ed  by
/ •  = C ï ï C . ? . ) .
t h i s  b e in g  ^ e  d so rea se  l a  t i is a lo a l  ^ t e i A l a l  wtam th e  
Ion  l a  itdeorbed in to  ttte  f ix e d  la y e r  Ahd s o b je e t  to  th e  
a sse n p tle n  m n tl< « e d  above* sh ou ld  be e h a r e o te r la t lo  o f  
th e  p a r tle u la r  lorn*
xa th e  U n it*  a s  th e  o tm een tra tlon  ten d s to  
seso *  so  nay v r l t e
s s
(Ac «0 .
X  ^ r#pre##mt th# mole fTMtione of the ion &
in the fixed layw aao hoik eolotion reepeetively* Rhea 
XÇ # ^re mot venishinglj small# we wy write
Ü  = Ay r ^  7 (zzr. /o.)
Jta. j_ /( 7" j
idiere ^  will depmd on x ^ # % (# doe to noa«»ldeality hot 
will ^^ pproaeh infinite dilution*
If is the total maaher of ions and moleonlee
Xper me. in the fixed layer ad B ^  the total mmher of ions 
ad moleoules per am. in the balk eolutiom,
Tlf = XF /V^ a«J. rte. - 
Henoe from eq ^ ticm  (10)
C Æ z i l f l ?  A r . "  )
I t .  '  z - i F f ^  ~ R r  6k  c i z r . / i . )
Celoulati<me of this adsorption ^>otential would soffer 
from the dimdwsntege that the total nuWher of ions and 
aoleeoles per orit ares in the fixed layer (Bp) • a 
mmost ill-defined qosntity - ia involved. I t ia euggeeted 
that a more aoitahle double layer parameter wmld be the 
daoi .^tion mergy# %.# defined aa the aom of the ebmsieal 
^aorpticn energy, , wad the loo&lielation energy of the
5é
Iona on th# adaorpticm  alt### % aatlon  (U )  m*j be 
rw w rittan
^ /erôv. %7LF ~ 6 j^
th e  te m  R tln  rei^resenta the loo& llM tlon energy at
the Itme on the art so rp tion  e ite e  and hem e
t i f  =  / l « .  A y .  r -  -  Z i  Fâ,
L <• ”  i. /ÎT  _
o r
f . = yf/A. îf; + z : ^ 718:
( ^ .  /3.)
(^ 2Zr . / 4-)
th e  peraoMtw S • may toe ee lo e la ted  e lth o n t a knoeledge o f 
Bp. One# knoen i t  « i l l  eo ap le te ly  define the  eead itlo n s 
e x is tin g  in  a double la y e r o f th e  kind ecm sidered, namely, 
«ÉMore the  so rfaee eharge i s . s e t in’ e n tire ly  by ion  adso rp tlo a .
r?
Him - SXPmiNIBlAl. l'SüQLT;..
§ 1. aidisKaawio m i a ,
Sables #, 10 aaA H  tisow the results of three 
s#)ormte runs for ndsorptltm from hydroohla#le eeld 
selutlom* In these runs ti%e proeedure deserlbed In feetlon 
H3 ubs followed rad the measured eoodnetlvities were 
oorreeted for the oonftcwtiTtty of dtssolwed sllles. %d*le 
12 shows the results Obtslned to ebook ti* epplieubillty 
of tits eorreetlon tem applied to the measured eoncawtlwitles 
(Seotloo XZB ^ 8)1 meesurememts were serried out In aelutioms 
made up after axshanglag the mter, la equilibrium with 
the sllloa, until its eenduetivity was about the sasw as 
that of freshly prepared eomdaetivity water, as desorlbe#
In reetiom HA So eorreetlon was applied to the 
measured oosduotiwities In this ease*
The values of of, the aaUber of solute ions of 
eaoh siga, involved ia the whole electrieal double layer 
per unit area of intorfaee wars oaloulated using eqnatiom 
(HI. 1). leg ci is shoam plotted against log squill trims 
eooeentratioQ In Flg.8. Results were reproduoible to 
within e^ .
§8. Mitrie Aold.
Ikàble# 15 aaA 14 #W)e reeult# for ^ ûMrptXcm
S 9
a it t ie  o«id solution# Log ci i#  #KMm p lotted  agelast log  
e # iilita itn i eensentretlo n  ia  Pig#0#
ia«__aatd«gio joid#
Tables 15 and 16 «Aow resu lts fo r  odsoirtion  
from sttlpfanrio aoid eoluticau Le^ ci^  aad lo g  of j . ere 
ahoen p lotted  a gela st lo g  e q a ilitr ln e  ooneentretion in  
P ig# io ,
0 4m Table 17 ■— ! ir ise s  the date for the so lu te ion  
eoatent o f tiae ehole e le e tr ie a l doOble le y w  for the three 
aeids studied# Values ci are taken fron the neoethed 
oorves in  P igs#8, 0 and 10. These values are Aoun 
p lotted  against log  eq n ilitr iu n  o«meentratlon in  P ig s .11, 
18 and 16. I t  i s  apparent fron these diugrnaa that c< 
varies lin ea r ly  with lo g  C ,  fa r  eq o ilib riu a  coneentrations 
greater then about 8 x  10 R, and a lso  that the extent o f  
adsorption i s  s in ila r  fo r  the three aeids*
Sf
t  «  a 
artirotiilorf Aoid. Ban A.
it. of w ter = 151.96 @0 , ^t. of sllioo - 191.58
Arom/:#. of si lieu = 6.9 z 10 on.
Condî of wetwp before drtlti::n of silioa = It. » 5.178 x 16 eteW
— /  — /  R«
of wmter ad f^îtion of nilioa - K«r6#?^ 30 x —^ —I -/10 otaHi «#•
OomdT oorrootloa t#m = - ( B = -5.715 x 10 ote e#I
-3i dcLitloa# of HOI goltitlcm 5.074 % 10 R.
xOb^lw e l^ todâod( g o .) .
ConoS C. 
(B o n sil)
Heasared OondT Kf, (ednr'oni!}
^ lo ilib r ia s  càxÆ  c  (R om  1 ) .
e et/i - oiçjt_
iana/ora.
.%3G 8.450  X 10^ 7.816 X l o ‘ 4 .976 X 10'‘ 4602 4.9^^X 10
.6486 8 .156 X  18^ 1 .013  X l ‘i^ 1 .062  X 10^ 4593 1 .4 5  X 10
1.9086 3 .946  X 1Ô 1.848  X 10^ 1.601 X  10 4878 8 .3 0  X 10
1.8198 X 10 l.% 6  X 10^ 8 .m 3  X i 6 ‘ 4554 4 .2 1  X 10
8.6098 1 .173  X 1Ô'' 3 .145 X 10^ .{6.089  X 10 46)4 7 .6 0  X lO
A dditions o f  nOl s o l u t i o n  8 .813  x  10 ><.
.8547 8 .618  X 10^ 7 .778  X 10^ 1.705 X lo " 4497 1 .2 2  X l3
.7048 5.14U X  lo'^ 1 .749  X 10^ 9.979 X 10 4484 1 .5 6  X 10
S.04a8 1 .858  X  10^ 4 .801  X 10^ 1.1%  X 10 4444 1 .71  X 10
4.9840 8 .369 X 10 9.879 X 10^ 2.187 X 10^ 4986 £ .4 8  X 10
Brdreehlerlo Aoid. B.
at. of water - 162.95 ge*
Wt* of silloe = 95.66 gm. 
fee/gm. of silioa =- S.O x 10^  aw.
Condi o f w iter before addition a t s ilio a  =6»^= s.eOQ 
Condi o f water a fte r  addition o f s ilio a  = lij* 2.429 
Oow^ oorreotlon tem  = -(2^ -6^ ) = <-1.900 x 10 ota 'oi
'3Additions o f  B d  eo lu tio m  6 .5 1 7  x  10 B .
' ?  . /  -/ X ID- ( —I ->fX s o  oba an .- Iu
T otal
hMêA( g s .) .
OonaS C. 
(B onsai)
Ueasgred
Condi Km 
(obn am
Sqoilibrikm  UaoCT c 
(B ornai).
6 <<a.
tsn«/an^
.2101 6.667 X 10^ 4.698 X id* 6.619 X 10 1874 6.69 X lo"
.4704 1.937 X 10'* 7.361 X  id* 1.359 X id* 1871 1.99 X 10^
1.0602 4.506 X JJO 1.448 X id*^ 2.976 X id* 1663 4 .31  X id^
2.4044 9.778 X id* 3.314 X 10*^ 7.490 X id* 1848 7.79 X id*
d d itio n s o f  BOl so lu tio n  8.971 x  1Ô S .
.2002 0.131 X id* 7.760 X id* 1.791 X id* 1846 l a i  X 10
.7660 3.373 X id' 0.068 X id* 4.847 X id* 1838 1.73 X id*
£.0295 1.138 X  id' 4.646 X id* 1.094 X id * 1886 2.13 X id*
i l
B B j p o t iO o r ia  R an  C,
*t. ef «at«r = 141.28 (p.
«it. o f « llle »  ~ 22.58 go .
J 1.A r* a /# . o f slllo* = 3 .0  % 10 oo.
aaadl of water boforw addition of sllloa -  3.754
CoB^ watar a fter  addition o f s ilio a  -  .  2.513
4^ —f
%
Oon^ oorrootioB tana = -1 .938  % 10 aba on
'J
AddiUtms o f HCl so lu tio n  8.517 % 10 B.
X SO , /  - fm.
T o ta lwai#&tmddsd(g > .) .
Oans9 c . 
(B o c m l)
MsaeurodOoDdI En (eb s'eeO
B q o illlir lmC aan  c(IB m ea l).
&
ckU laaam/mmt
.2001 8 .934  X  10 4 .718  X id* 6 .676 X id * 1963 7 .0 4  X  lo"
.4619 2 .059  X  id * 7 .879  X  ld ‘ 1 .405 X  i d * 1969 8 ^ 1  X id*^
1.5078 6 .670 X 10* 2.104 X i d * 4 .510  X i d * 1946 6.67 X 10*^
3.1468 1 .376  X id* 4 .581  % 10 1 .038  X i d * 1923 1 ^  X  id*
7 .0273 2 .9 9 3  X  id * 1 .096 X id * 2.547 X 10* 1878 1 .4 4  X id*
Additions of HCl solutioa 8 .971  x  1 0 ^ .
.4994 5 .994  m 10^ 2.318 X  id* 5.456 X i d 1868 1 .7 4  X 10*
1.6M 4 1.262  X  10* 6 .0 2 8  X  i d * 1.189 X  i d * 1863 2 ^ 4  X  10
aim p  -M m.
ijgjrooM^e Aeld adsorption after B&whan&e of mtar.
At. of m tsr = 152.90 ga. %t. of sillsa = 9B.71 pi. 
rs%/gm. of sllloa = 6.6 x  10 sou'
Initial oondootivity of watw .8600 gassdxo.
Aindootlvity water after addition of silica = 4.828 gemebo.
tcight of water removed, ga.
Weight of 
water added.flS.
height of 
water In cell. 
»»•
Coadoetivitj of water, gqwribo.
100.37 117.25 169.76 3.621
113.10 103.26 161.92 2.249
106.97 111.08 166.03 1.164
113.97 1X8.90 170.96 .7123
117.01 108.88 162.25 .5840
4lditlons of HCl solution, 4.7% x 10 R.
f o t a l
w e ig h t
a d d e d
( p i . ) .
C o n s9  c .  
( B o r a a l )
M e a su r e d  
C tm dT  E m 
( e W s w )
& 3 * lM b r iu s  
G iû xA  c  
(R hssm al ) .
6
" ‘/L»
'  cCcjL.
i o w s / n u
.2 6 6 1 7 .8 6 2  X  1 0 * 2 .2 9 2  X id * 5 .3 7 6  X id * 3 7 0 9 4 . 0 3  X lo "
• 5 8 4 4 1 .7 2 1  X id*^ 4 .8 4 8  X id * 9 .9 7 3  X Id * 3 7 0 2 1 .1 8  X  i d '
1 .0 5 1 0 3 .0 0 6  X id * 6 .8 9 1  X  id * 1 .6 1 2  X id * 3 6 9 0 2 .4 1  X  i f
2 .0 6 3 'y 6 .3 2 8  X id * 1 .2 7 1  X 1 0 2 .9 0 2  X 1 0 3 6 6 7 5 .1 4 X i f
3 .9 4 4 5 1 .1 3 8  X  id * 2 .7 5 4  X  i d 6 .3 9 3  X 1 0 3 6 2 5 8 . 2 9 *uX  1 0
A d d it io n s  o f  a C l s o l u t i o n ,  9 .3 4 3  x  id ^ H .
.9 6 4 5 3 .1 6 7  X i f 9 .9 7 4  X 1 0 2 .3 5 4  X id * 3 6 1 9 1 .3 6 1»X 1 0
1 .M 2 8 6 .9 4 4  X id * 2 .4 7 7  X 10* 5 .8 6 9  X id * 3C-C4 1 .  32 nX 1 0
e .% 0 7 1 .6 0 0  X  id * 6 .0 9 4  X id * 1 .4 5 4  X id * 3 5 7 0 2 .4 7 X i d '
é 6
00
m
U.
me
Ui
Ul
Wl Wl
• •
zo
$cK
ZwU
Z  
OV
C3
oC00
3<5
O
O
■..m,
Hitri» A»U. mm A.
K t. Of Wt«P s ISSaSO ipt» 
t s e .  « f  « i l l M  = 9 3 .7 8  g p .  
j \ r m / g p .  o f  o l l i M  -  3 . 4  % 1 0  « m .
O o w ^  o f  m o to r  b o f o r o  a d â l t ic m  o f  bI U oo  - 4.3S0 X lô^o tatlo^
Oondî « r motor o f t« r  wMltlom o f s illo o  ^ Kj » S.847 3&10 
OoobX  ow roo tloo  to m  - = -8.414 % 10 obo oo.
3
â d d i t io n o  o f  HNO, o o lt t t iO tt*  5 .8 0 0  X 1 0  8 .
f o t o l  
m o l# K t  
o â û o â  
(g p *  ) .
O ou oS  C, 
(B o c m I )
M oaonrm a  
O o n «  X/^ 
(o h m 'o m )
E q u lJ L lb rlm *
O ontf? c
( B o n M l ) .
ô
%
~ ^1*0 ,
• 9 4 9 8 9 .4 1 7  X 1Ô‘ 8 .7 0 6  X lô " 7 .7 9 4  X 1 0 * 0 0 7 7 #  9 2  X  1 0
.8 1 2 7 2 .3 0 9  X l 6 ‘ 9 .8 9 9  X  l ô ‘ 1 .7 1 0  X lÔ*^ 2 0 7 2 1 .7 4  X  1 0
1 .1 4 9 8 4 .5 1 7  X  l ô ‘ 1 .3 5 9  X 1 0 3 .0 9 6  X 10^ 2 0 % 3 .8 8  X 1 0
2 .4 8 0 3 9 .2 %  X  là" 3 .0 8 0  X 1 0 7 .1 0 8  X  l ô ‘ 2 0 4 8 8 . 2 8  X 1 0
A d â lt ic a M  o f  HHOj s o lm t lo n .  1 .0 3 5  % 1 0  8 .
.0 8 8 8 8 .S G »  X lôT 1 .0 3 6  X  lôT 2 .S 8 B  X lo " 2 0 4 3 1 . 2 9  X  1 0
.7 9 1 1 6 .1 4 8  X  10* 2 .3 8 6  X  1 0 6 .W 1  X  lO * 2 0 3 8 1 .8 4  X  1 0
2 .0 1 0 8 1 . 4 U  X 1 8 6 .8 8 8  X  lÔ* 1 .3 4 2  X  1 0 2 0 2 0 8 .0 8  X 1 0
9 % tr % 9  A«id. mm B.
O f « a t o r  = 154.81 @m.
« t .  of * 1 1 1 * 0  = 9 1 .%  a * . 
h T o o /a * . * 1 1 1 8 *  - 5.4 X lO ^ O * .
Ooaem o f «at*r boforo «8dltl<m of a ille *   ^ l[* = 5.691 
Gcmdf e f  «*t*r a fto r  oM ltloa  e f  a llle a  = IC, s 8.808 
aomU oorroetloB tom  = ) = -9.939 x lô %* m
Additions ef BBO^ solution. 5.800 x 10 8.
- 7xlO
X 10^
- It .
-/ -f i #m#
- /  • * /
Totalv o la itadded(a * .) .
Cond.
(M wnal)
Meainwed Oon» Km (ota-'en") OenM C (tkxm al).
& '^ n '
tonm/mu
.2861 9.584 X 10* 5.598 X 10* 7.815 X 10* 9017 6.90 X 10
•5911 9.809 X 10^ 8^ »8  X lÔ* 1.588 X lô" 8019 1.67 X 10*
1.1888 4.333 X lÔ l . « 9  X lÔ^ 30 1 5  X l6 9005 3.67 X 10* ^
9.9773 8.419 X 10^ 9.879 X K)^ 8.3*% X lÔ^ 1991 8.96 X lÔ*
3.8498 1.407 X 10^ 4.980 X lÔ^ 1 0 9 5  X 10^ 1971 8 .69  X lÔ* ;
ddltiens 9 t HSO, so lu tio n . 1.038 x lô 'v .
.1799 8.599 X 10^ 9.198 X lÔ^ 9081  X lÔ* I960 U 16 X 16^
.7347 8.179 X lô" 9.368 X lÔ^ 5.639 X lÔ 1969 1.68 X 10*
1.9937 9.777 X lÔ' 3.817 X 10 9 0 4 4  X 10^ 1965 1.96 X 10
9.8673 l.% 9  X W 7.417 X lÔ* 1.784 X lÔ^ 1938 •h900 X 10
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Zo
K<ce
KZwu
zoo
c
ceCO
3or
o
LOG,, od„
^7
2MK.R la.
A e l d .  A m  A .
•t*  o f m t«r = 16£»66 9 U 
w t. of e ilio o   ^75*79 go*
3 7.Aroo/pi* of aiU oo 3 x  10 om*
- 7  - /  - /OomM o f «okw boforo addition o f oIUm i = K^- 3*316 x 30  o*m «m* 
OomA o f ootor aft#* addition o f s lllo o  a * 1*99# x  30 o#m om*
QonnSl oorrootiw  tam  = -(3^-K,^) = «1*607 x  10 oXm'on.
-5Additions o f H^ SO^  oolntlon, 5*034 x 10
Total# o l# itoddw
(«•*)*
Oo#Æ C*
(■ewMil)
üaomNiOOondTXr,(eteretf)
Bq^Atodnn 
(loxml }* ions/anï
*0412 8*582 X 10 4 .644  X  lô* 7*07» X lô* 1368 6*74 X  lô
*9404 1*210 X 10 5*848 X 10 9*888 X lô* 1361 9 .8 1  X lô '
*7341 2*604 X 10 1*«S6 X lÔ^ 8*042 X lô* 1 » 8 2*50 X lô"
1*4018 4*% 0 X lÔ^ 1*827 X lÔ^ 3*936 X 10 1358 4*68 X  10
3*3002 1*1W X lô* 4*284 X lÔ^ 9*888 X lô 1958 8 * 6 8  X  10
Addltlcm s e f  3^80^ aoln tlon* 1*100 x  lô  8*
1*65 X 10*«94 9*886 X 10* 1 .060  X lô* 8*512 X 10* 1357
*8003 6*896 X 10 2*677 X lo" 6*457 X 10^ 1328 1*99 X 10
8*8317 1*917 X 10 7 .284  X lô* 1*868 X lÔ^ 1513 8*58 X  10
6 9
SSlü^tajüfilâa M lMx
Kt* of oatsr = 164*32 g t»
9t* <a mille# : 74*91 g#*
o f sU lem   ^ 3 x  10^  ##• 
o f wttmr bmf or# rd d ltlon  o f m ille#  • s 8*612 x  KO «dm tm» 
Opma? e f  m a te r  a f t m r  ad d ition  o f m ill## = IE; a 2*297
. /
X mo* ohm'
« I
«J
-ôCcmddf earrMtioii t#rm  ^ -(K "4C^) r «»leM6 % 10 om#
3aOiüitloiMi of oolmtlw:# 5#9M % 10 K*
Total#el#t
added
(gm*}«
OonoAc*
(K onm l)
HmamnrmdOoadX X A (okeTem')
BqplJLibrlenOomm? c (Bosnal).
&SI' loa#/a#.
*8414 1*003 X lô^ £ .9 7 3  X 10 8*014 X lô* 1434 8 .3 6  X 10
.6973 2 * a «  X l6* 9 .686  X lô 1*784 X lô* 1461 2*10 X 10
1*1943 4 .369  X lô^ 1*734 X 10 3*616 X lô 1446 3*93 xUÔ"
2*7168 1*027 X lô* 3*796 X 10* 8*467 X 10 1431 7 .5 9  X 10
Addition# 6 f  H^ SO^  molutioB* 1*100 x  l ô ' s .
*1602 2*146 X lô" 7*941 X 10 1 .868  X lô" 1430 1 .2 0  X 10
•6129 5*«7 X lô* 2*044 X lô* 4*902 X lô* 1496 U 67 X 10
1*8917 1*309 X  10^ 4 .997  X lô* 1 .254 X i S 1415 2*39 X lÔ^
4 Ÿ
9 V» o^ N N
LOG,, = LOG,.
Z
O
f-
QC
K
ZluV»
2
Oo
C
3
3
Gf
O
O
70
M.
of Ca%» for lan Ogptgat of the Rhplm
slU < « In tw f  w .  to  % 4m A lw le .  
Kltrl» toA aaàtoarU AoKU.
(iMt* tr>k«a fro»  MOotîMé e w e s  In ? lg s . 8 , 9 na 10)*
a y ;(B om sl)
«ce.
'  ‘‘et lc ae /« r^
« A/O3
lo tts/ax s
«J SOv
ioB s/ea .
«i SO^ .
1 * 10^ 1.80 % lo"^ 8.51 X 1 0 " 1.10 X 10*' 5.08 X 10*
2 at 10'^ a .;«  % lo "’ S.29 X  i d ' 8.46 X IcT 1.00 X 1 0 ' '
5 % 10^ 6.61 X  l o ”' 6.37 X  i d ' 6.26 X 10*' 0.68 X  10
1 % lO''" 1.00 X id ' 8 .30 X i d ' 8.50 X id ’’ 4.08 X id '
a  at id ”' 1.38 X l o ' 1 .19 X 1 0 ' 1.05 X i d ' 6.08 X 1 0 '
6 * lo"' 1.74 X i d ' i .w  X id ' 1.81 X id ' 9.08 at 10
1 at 10 ' B.OO X id ’ 1.96 X  i d ' 0.23 X id ' 1.11 X i d '
a  at 10^ 0.40 X id ' 2 .04 X 1 0 ' 2.66 X id ' 1.30 X 1 0  '
7 !
StoVHCL S O L U T I O N .
F I G .  I I .
s - 4- •J
LOG.. ClO
7 2
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7 ^ ^
mc> DlmWWtlqn of th#
m tta a u  I. TOT».
§ 1. %h# ««Mes tmâMrs o i  selnt* loaa* of oooh «igo*
p«f «■• of the dtfftuM Imyor, m»j be oeleoüUtted oelag 
eqoetlame (Ill.g ), (XIX.S) for toki-vailvaleat eloetrolyt##, 
or ogomtlww (III.4), (III.5) for «al-dlralmt electrolyte#.
If the &Maq>tlaa Is mo&e ttoet ^  = *7 • (soe Keetlom IIXa 
§ 8). T&Mo# 18, 18 and 80 dbo» the romlte obtelnod for 
hydrooblerie, nltrio aad oolptaarlo i^ oide uetag the elootro- 
klnotlo potential data of IxiUa and SLton (// ), (/I), ( )^#
 ^B. fab le#  SiX, 2S end ehoo the annbero o f  eo ln te  le « # a /, % 
per em  ^ o f fix e d  le y e r  fo r  hydroehlorle a o id , n ltr io  ceid  
(4 id aol^dwrlo aeld  r e e p e o tlv e ly . T #l«ee » ht-r*
been o#leW .Bted uidng eiyxatlon (1 1 2 .6 } . Sbese tab le#  u leo  
ehoe the In d iv id u al lo o le  «daorptlon «aerglea ea leu la ted  
ttsiag  equation (IT I .1 4 ).
Plg#.14, 15 tind 16 adtoe the loole content of 
the fined layer plotted galnat the log of the eqolUbriua 
ooneentratloa for the three «eide. Flg.17 emnarleee 
dlagrennatleally the adsorption energle# of the Indlvi^ hwl 
lena, a# funetlons of the log eqoillbrian eoneentratlan.
T^vBLg 18.
Brdroidaorto ivel4» fat».
B q a ll. Conet c  (Normal)
C/
e .s .u *
4
«V .
exeeesio n a /o e . eoceeasla a n /m ï
1 % lô'^ 991 -1 4 8 .6 1 .9 6  X 10 -1 .1 1  X 10
8 X  10 1096 -1 3 6 .9 8 .14  X lô ' -1 .5 4  X 10
6 X 1Ô' 1379 -1 0 4 .3 0 .66  X 10 - 2 .^  X 10
1 X lô'^ 1689 -1 1 7 .0 3 .01  X 10 -3 .3 5  X 10
S X id^ 8090 -1 1 0 .8 3 .9 1  X 10 -4 .6 4  X 10
6 X l6^ 2781 -1 0 1 .7 5 .1 1  X lîT -7 .1 4  X 10
1 X l ô ' 9493 -  9 6 .8 6 .3 8  X 10^ -9 .9 ?  X 10
8 X lô ' 4434 — 9 0 .5 7 .9 1  X Id" -1 .3 7  X 10
iA rm  19a 
«Itrlo Aoia. Pltfg#» Layer
£ q a tl.
G a u c / i C (le r e a l) O'e .e .n . S«*.
f i lexeamaio m /o a . exeesalotti^em........  -  f1 X lo‘ 882 -139.0 1.61 X id'^ -1.10 X 10
2 X 10 1013 -130.0 1.97 X 10^ -1.53 % 10
- f5 X 10 1418 -185.7 8.73 X 1(T -8.40 X id-<♦1 X 10 1772 -119.4 3.38 X 10^ -3.35 X id'
8 X lÔ* 8028 -113.5 4.80 % id"^ -4.68 X 10
5 X l6* 3107 -107.8 6.78 X 10*^ -7.87 X 10-i1 X 10 3770 - 99.53 6.8# X 10^ -1.00 X 10^38 X 10 4368 - 09.8 7.78 X id*^ -1.87 X id*^
a m - 30.
Sulphnrlo Acid. Diffuse Laver Pate.
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S q t^ l. C o o ffS  C (le r a e l) e .e .n . 4me. exoeselen%/cm. exeeseion e/en .
1 X  10 878 -1 4 8 .3 1 .7 0  X 10 -----i!“-6 .8 3  X 10
8 X Id ' 1093 -1 3 5 .8 8 .1 0  X id -9 .5 8  X id*
5 X id ' 1453 -1 8 6 .9 8.74  X 10 -1 .4 8  X id
1 X 10'^ 1005 -1 0 0 .8 3 .3 6  X i d -8 .1 0  X id
8 X 10*^ 0836 -1 1 3 .3 4 .0 8  X  i d -8 .9 3  X id
5 X 10^ 8916 -1 0 3 .8 5 .8 0  X id -4 .5 3  X  id
1 X id ' 5488 -9 5 .3 9 6 .05  X  id -6 .8 7  X id
8 X l o ' 4300 -8 8 .5 9 7 .8 7  X  i d •8 .6 8  X id '
iraroehlorie ao^ .  Fixed and Adeorption Stwggl—ctf Hrdroawft Chloride lone.
(tee note a t t w  Table 83.)
cSS'o-
(Boneel) iooi/ani Bk.Qml. Bts. 8.eel.
r .(1 X  10 - T e f
8 X  10 Very amell t
5 X  id 3.96 X  id’' 6#W X lO ' -6.15 -0.10
1 X  id 6.79 X  id' 1.05 % lo' -6 .0 8 -8.44
8 X  10* 9.89 X  id' 1.37 X  id -8 .1 4 -0 .8 4
b  X 10* li1 .2 3  X  10 1 .8 1  X  id -8 .6 2 -3.41
1 X  id 1.46 X  id 2.19 X  id ' -8 .5 0 -3 .8 4
8 X  id' 1.61 X  id 8 .54  X  10 -8 .7 2 -4 .0 9
77
Sqpll*Oatüj?C (gonMl)
Afri %,
lo u r n /m » K.Ml.
1 X 10^ -V» t
8 X  id ' Vary #m l l t
6 % 10 8.6# X lô^ 5.61 X  id -6.45
!
—0.18
-V1 X  10 4.9# X id ' 8.65 X  id -0.52 -2.48
2 X  lô'^ 7.70 X  id"" 1.84 X  id' -8.55 -2.œ
6 X 10^ 1.04 X  id' 1.6# X  id' —8.5b -5.M
1 X id' 1.96 X  id 8.05 X 10 -8.67 -5.7»
A % id 1.46 X  id 8.38 % id -8.77 -4.54
jkSM , s&t
la y e r  ca t#  «m: W» toB« .# *5
aqpjOil. COÂW C 
(Monua) lana/om . % ,lODx/flM. K .e# l. K.O&l.
1 X  i d - e # t
8 X  i d Vary — 11 T
5 X  lô^ 8.51 % i d ' 8.77 X  i d ' -8.48 .70
1 X  i d 5.14 X  là ' 4.46 % là ' -6,31 .32
—V8 X  10 8.48 X  10 6.54 X  10 -8.27 —.18
5 % lo"* 1.89 X  i d 9.50 X  10 -8.34 -.»4
1 X  lÔ' 1.65 X  i d 1.17 X  10 -8.42 -1.61
8 X  là ' 1.98 X  lÔ' 1.41 X  i d ' -8.86 -2.22
7%
■iNote r»fwrain« fable# m. % —jbt ecMiMfitamtions hmkam B % 10 B# l*po##lble 
vrnlo## o f a re  o b ta in ed .; (See Dlemi##l(m# Seetlon U SD ). 
Valtwe o f ^  ^ 4% » #111 be# preemeaMy# mleo in
e rr o r > nd th e re fo re  lao ra in e s  o f th e  icm ie ed serp tio n  ' 
energ ies ere  given fo r  th ese  oaneentrsti<m s.
S10./HCL SOLUTION.
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L06, ,  £QU»U/BA»UM C O N C e N T R f l T I O M
As prosloTislj MBtlOMd IXIA § * ) ,
th«M I s  SOM doubt «S to  stw thsr ^  ,  tbs p o tsu tlsl s t  
ttts baondsrjr bstssen  ttts fls sd  sad d iffu s#  l» ]^ s»  i s  
idsntie& l witti • tbs pot su tis l  s t  ths plaae « t sbssr in  
slsstr fd c la stis jdMooMm. fUr eiasapls, g sw ss ls  sad Xabr 
(&o) toss# p ssta la tsd  aa ia a o b ils liq u id  f i la  s f  
thiWmss# iq> to  lOOA, suggsstiag tb st tbs s lso tro k ia e tis  
plans o f sbssr i s  soao d istsa ss  fUrthsr fM a tbs so lid  
ssffso o  ttsui tbs boundary o f ths fia sd  Isyor as s is s s lis s d  
by »t«m  ( 6 )* Xa th is  eass ths slsstro fciB stic p o tsa tis l 
sonld bo a lo s  sstia a to  o f ^  • S ts ro su lts o f Svsrsols 
ad Lehr hsvo boon er itio lssA  by Mhsman ( if  )• on thssrs t io s l  
grounds» alUtou#t hs b slisv sd  that s  r ig id  liq u id  iMfw  
sould bs osmssd by th s lahsroot routfstsss  o f & so lid  surfseo*
SI too (31)» ( 3 3 )  er itio iso d  the oork o f Svsrsols sad  Xahr 
nd sbossd that ths sapsriaM ttal srrcr did not ju stify  Uis 
ofloolusions rsaohsd. fh is  author a—onatrotorf» satperlnsntslly» 
ths noat-w istsaoo o f r ig id  so lv sts  Imysrs o f thiokaoss so 
groat OS lOOA a t quarts ia tsr fa o ss in  d ilu to  aqusous sslmt ioas  
und found ths th lA aoss o f say r ig id  io n is »  a sloou lsr  
Isy sr , attaWtsd to  A s surfaso» to  bs oonaidsrably Isas 
than SbA* a #  loca tion  o f the d sa tro k in stio  plans o f 
sbssr i s  d lseossod a t aass IsngA  by Ovsrbssk (34), fh ia
disoossiw ap3 #ar# to favour tho view that elootroat tie 
oA kinetia dleperaloa foroe# little  part in the
deteralnatloQ of the equllihriiM of lone nearer to the 
eolid eurf&ee thux the plane of W^bear. It therefore aeema 
Jnatifiable to aaanne >0  ^ equal to  ^ for the purposea of 
the Of leulatlon# made in Section IIIC# If 4 ahonld be a 
low eatiamte of 7  ^ # however# the value# of the ionic 
adeorption emergiea in Table# Pi# 29 end PS will be too 
h i# .
The eouree of eleotrdtinetie potential data need 
in calculation of the aolute ion content of the diffuse 
part of the double layer i# important. The adeorption of 
ion# into the electrical double layer may render the 
equiliteim# conoentrationa in two eyateme# with the awee 
initial concentration but with different ^rea of aolid/volune 
of li(Stid ratios# vwy much diffwent. The data of Dultn 
tmd Elton (// )# ( )# ( used in the preaent woxie# warn
obtained by the aedteentaticm velocity method ( ^  ^)# in 
which the velocity of aedimmctation of auapenaiona of email 
particle# of the solid in the solution# is observed. The 
mree/volwrne ratio# of the systcsui studied were of the order 
6 • 10caV«*» i.e . suffioiently small to render the 
difference (due to ion adsorpticm) betwe#m the equilibrium 
concentriction r nd the ooncwtraticm negligible.
- iAt eqplUbriwm ooneentratloa# below a 10 V 
the OQOdmtivlty meaeuremente show a deore%#e In xmber 
of solute icm«# due to adsorption# ehi# is iasuffieient 
to eeooimt even for the ehrrge of the diffuse layer# i.e .
71^ is greater than oc^ (see Tables 17*25). This indioetes 
thrt et these equilibrium omoentretions the eonsnatretioae 
of Moerbonete ion# (from earbonie old# ths isspmrity in 
OQOdootivity meter * see Devies (^ 7 ))# mod possibly of 
bydromyl ion# ere not suffioiently suppressed to rar^er 
their contribution to the fomatioa of the dmuble layer 
negligible. Analysis of the results at these low 
eonoentrmtlons does not seen possible without prior 
knowledge of the adsorption enwgles of the bicarbonate 
and hydroxyl ions of the appropriate seta^potentials. 
Sowevmr# in solutions of hi#er $toid oonoentrstion the 
numbers of these ion# are very email rad their mmtribution 
to the double layer formation will be negleoted. It seem# 
unlikely th^t the dissolved siliom ountributes signifieontly 
to the oam>o#ition of the double layer sines (see Pig.8) 
the presence or absence of the dissolved silice does Act 
affect the mwber of solute ions taken into the double l&yer.
Prom Pig.l7 i t  is ww that there is very close 
agreement between the values of the adsorption energy of 
the h drogen ion obtained from measurements upon U three 
acid# studied. Also the values of the adsorption energies
of the nitrate mnd ehloride ion# re pr^otieally id ntie&I 
over the «hole range of oonoentration. The emu Her negative 
(or slightly positive) vslmes of the adsorptiom energy of 
the sulphate ion represents stron^r adsorption of this 
divalent ion. A# expected (fection XXIA) th ê  œergy of 
adsorption changes with concentration# apparently tending 
to a Ihsiting value at h i#  dllutitm#
The energy of adsorption# as celcnlmted# 
represents the enwgy change involved in the transfère: ce 
of the ion from the teUe solution tothe site in the fixed 
layer. It will therefore Inolude the energy of roeoval 
of any ionic hydraticm sliell rnd Iso the energy involved 
in the removal of the ion or molecule previously occupying 
the site. The previous occupant  of the site eotdd usually 
be a vuter molecule.
For any value of 8  ^ likely to be met with in 
practice (of order 10 ^ emî^  ) the localisation energy# ^  ^^  ^ ( 4  
(See fection IIXA)# of the ions on the adsorpti<m sites# 
will be about *10 K.oal. for dilute aqueous solutions, 
the adsorption energy will be less negative then this 
qpentity by an amount determined by the loss in free 
energy ihm the i<m is adsorbed * th» chemical adsorption 
potential. %e adsorption energy of the h^drogw Ion is
% 7
Moa to be about «6 K.mI. (Fig»17) and fcanoe the ohenieal 
adsorption potMtlsl of ^ile Ion will be about +- 2 K.eel*
The meaner negative v lues of S ^  # 8 represent stronger 
adsorption of these negative ions. I t nay be noted that 
t Ithou# their adsorption miergles re praetioally identical^ 
their cheniosl edsorptian potentials may not be the sane 
since their different ionic areas nay le ^  to different 
values of 8^. In the case of the even more strongly 
dsorbed swlphf te ion the chemical edsorption potential 
actually outweighs the localisation energy# at low 
o<moentraticm# to give a positive value for the adswpticn 
«Qorsr» Sj •
::n :: iv.
m by l l i c f i  from moan i I t  i altifelonr-
ITA ~ Sipqriwentfcl ProooOw anrt
The expwlmental procedure Adopted for the 
Inveetigetion of adeorptitm from salt aoloticms wee exeetly 
a# deeerlbed in feotlon IXB§1.
EttBASlLi 
j  1 . 9Umixm ohloridB
Tables 24 and 25 shoe the experimental result# 
of two separate nme for potassiom chloride solution# The 
logarithm of the «urnsored conductivity is plotted
against the logarithm of the added concmtration of 
potassium chloride in Fig# 18. It is apparent that tiumre 
is no loss in ccmductivity# due to adsorption# tut in fact 
a small net increase. TW conductivity of the bulk solution 
is «Always sli# tly  greater than the conductivity sliieh 
would be expected if no sdwwptiM took place * even after 
allowing for dissoluti<m of silica.
In order to detemlne whether the presence of 
dissolved silica exerted any influmace on the results 
obta^ed# measurements were carried out upon potassium 
chloride solutions made up after exchanging the «mter# in 
equilibrium with the silica# for fresh conductivity water. 
The procedure was as desoribed# in Section IIIB  ^1# for 
the similar experiment in hydrochloric acid solution. The 
results À^re given in Table 2# tnd illustrated in Fig. IB ^
?0
Again there la no lose in conductivity due to udewption# 
tut a email increaee. This email increaee in conductivity 
ie ee#MA# from Fig. 18# to correspond with the increase 
obtained in the previous experiments on potassium chloride 
solution# #fter allowing for the oonchiotivity due to 
dissolved silica. Apparently the phenomena occurring are 
unaffected tqr the presence or absence of dissolved silima.
I e. Prt»i»Binw nltrr t# wlmtim..
Tables 27 tnd 28 show the experimental results 
of two seper* te runs for potassium nitrate solution. Again# 
as illustra ted in Fig. 19# no decrease in conductivity# due 
to adsorption# was found.
Tables 29 f nd 30 show the experimental results 
of two siq>ar&te runs for sodium chloride solution. Fig. 20 
illustrates a similar state of affairs s^ was found in the 
Cases of the two previous salt solutions.
iA stxeo ttm  tir s l l la #  f r a . P ota«slm  CSiloria#
»0g A.
t^* Of water  ^XS1.05 gm.
A t. o f e ilio a  - 90.62 gm#
;\re&/@m. o f s l l le a  = 5.0 x  10 am.
OcmûX o f water b efore ad d ition  o f silio m  - 5 .125 m EÔ
-IGond? of water f t or Edition of eilioa - «^ 2.044 x 10 ohm
Addlticm# o f EOl eo lu tlM  5 .145  x  10 5 .
To tail 
•idted CfwwÆ c* (so n M l)
SoaagrodCowK Sn 
( c O a tm : : )
<9 X» " 4
( t à m ' m i i )
.1749 6.948 X 10^ 3,aa* X 10^ 17J» 1.245 X 10
.4M 4 1.438 X 10^ 8.200 X 13 1794 3.992 X T^'’
.7 9 » 2.689 X 10^ 7 . ^  X 10 1791 5.542 X 10
1.7589 5.9E0 X -i1 .360  X 10 1779 1.156 X  10*
3.60v^ 1.199  X 10"^ 2 .425 % lo ' 1758 F.2S1 X  10^
Addition# o f XCl ao lu tlon  9«g7ë x  10 B .
.1789 2.269 X lo'" 4 .229  X 10* 1786 4.0E8 X 10^
.6891 6*908 X 10^ 9.110 X lo ' 1761 8.906 X 10
1.67% i .u e  X K)^ 1.890 X 10*^ 1740 1.800 X  10*
3.7519 2.314 X 10^ d .6(^  X l 6^ 1716 3.569 X
m_&L
wt« of w ater = 15F.73 gm* 
vit. o f  e l l i e e  » 89.09 gm.
Areo/gm. of elliee & 3.0 m 10^  8»^
(kmd? of vfter before reddition elliea 
GùaAl of m t^er fter addition of siliee
- > .3#9
^  0.210
-sMditioae of Kd eolmtion 5.143 x 10 B
T M a l##lgkt
• M a d
OomR
( S M M l )
iN B a g r e d  
C a a d T  Km  
(«a iim 'a x :/)
©
‘S X *
~
C t)m »
• 8 9 8 9 9 .8 4 4  X 1 0 ^ 4 .2 4 9  X  1 0 ^ 1 7 4 7 2 .0 3 9  X  1 0
• M 9 4 1 .9 6 4  X 1 0 ^ 6 .1 8 1  X  10*^ 1 7 4 9 9 .9 7 1  X  10‘‘
X . 7 ^ 46 .9 6 5  % 1 0 1 .5 9 1  X  x é 1 7 9 0 1 .1 1 0  X  1 0 *
9 .6 6 S 5 1 .8 0 5  X  10*^ 49.500 X  1 0 1 7 0 9 2 .2 7 9  X i d *
d d lt l< m #  a f  KOI a o l t t t l f m  9 .2 7 6  x  1 0  B .
.2 0 2 8 2 .4 0 6  X  l6 ^ 4.528 X  1 6 ^ 1 7 0 7 4 .3 9 1  X  i d
• 6 2 2 1 4 .8 7 6  X 10^ 8 .4 1 0  X  Id * 1 7 0 2
4B . l f »  X  1 0
1 .6 8 8 6 1 .1 0 6  X  id ^ i . . m  X  id*" 1 6 9 1 1 .8 7 6  X  i d ^
4.5804 2 .7 5 6  X 10* 4 .9 6 5  X  1 0 ^ 1 6 6 0 4 .9 4 1  X 1 6 ^
??>
■EjkHLB am.
'***? —
%%» c f m iter -  143.41 gm#
Bt. Of élHo» 3: S4.66 gm.
Ar##/gm. o f sAXiM > 3*0 % 10^  am. 
la it l& l co m teo tlv ity  o f  mater > .4% 7 g— ih o .
O oaduetlvlte a f  m ater mftmr ad d ition  o f mlHom -  2.404
s«lg>*t of mtkor roamrod*
m*
ofam tor oMod. %»iaht « f motor 1 b  o o U .
flP*
-QbB&oWmltyofwAw
SpaoM BO .
115.40 186.65 153.94 1.489
1<%.06 100.78 156.M .M80
111.6» 94.97 169.68 .7699
106.40 114.57 150.66 .5173
-3Additootts WT Ed eolmtlgm 5.143 % 10 M.
Total
m e l # i t«iddod Oon  ^4» 
d O C M B l)
9—mradQcaM Em («#m *#) <9
.1996 6.905 % 10 1.568 X 10 1604
.5083 1.789 * 10 3.459 % 10 1680
.9870 5.546 X id 6.969 X  10 1674
1.9706 6 .630  X 10* 1.365 X 1Ô* 1668
4.0690 1.549 X 10'" 2.4W X  10 1641
Addition# of KCl so l o t i  on 9.876 % 10^  8.
. 81^ 8 .693  X 10* 4.796 X id' 1 6 »
.6046 4.964 X  10* 8.467 X  i d 1655
1.6154 1 .098  X 10*-j 1.7M X  10*•S' 16845.9005 8.418 X  10 5.584 X  10 1601
HCONDUCTIVITY . SU r o e i i
•3 « • M t l t S U H é D  C e N D u C T / y / T Y  0 f T € ^
S U  T S S L t  3 6 .excMfiN&e of ^ o
D U C T I V i r  t e s  O f  K C l  S 0 l t ; f > 6 » /S
! N  A S t g H C t  Cf O K O U H »  S N - t C D .
5
F/G.  18
6
s 3-4LOG,. C. .
H g ? .
M»orpU0 P h, 411 .^ t v m
m .  A*
V' t« or «mtor - 151*90 ^* 
v«t* of siXioa '  67*97 g»*
> s.vre#/gm* of slllo* - 3*  ^ % 10 #m*
^  - 7OoixH of miter before ^^ditlon of silice r & y 4*962 % &0 otaw
Coaàf of miter fter addition of silim  * 9*675 % 10 o#m
• jvâdltians of KiiO^  solufclon 5*7S8 x 10 B*
T otal« e i^ tsdOod(am »).
oouoS c*
(M onaal)
B oasyodOooâi Km (a ta f's* ;}
<9
-%? (o ta W .')
.23*0 -i8. 8*8 % 10 4 .150  X  10 1742 1 .475 X 10
.50*4 fg.206 % 10 -L6*666 % 10 1738 4 .1*7 X l o ‘
i .i? m 4 .407  X 10 1*100 % 10 1731 fi.s^o X lô
4.548* 1 .672  X 10^ -îT3 .065  X 10 169* -<r2.793 X 10
A â d l t l o n o  of EBO, so lu tio n  9 .809 x lO'y*. %
.5479 3 .872  % lÔ^ 6 .446  X IcT 1690 6 .179 X 10
.0783 7 .206  X 10^ 1 .1 3 6  % l ô ' ' M 84 1.109 X iO*
2. in f i 1 .822  X 10 2.279 % 10 1668 2 .282  X 10^
uTABhB 8«t
M wrptlom tar SiUftii tv m  iotmmitivm »A^P%m_soJ3mmjL
m  Ak
W%0 of #mt#r = 150.42 gm.
# t . o f 0 III0 & = 85.40 g*.
ctf ftlXioa % 3.0 % 10^  on.
« - 7(kmd% of outer before #<!WltloR of eiUoa K - 4.210 % 13> aim iw
OondS of water ^fter addition of silloa  ^ ' 2.436 jc 10 o4n i
-I
- f
—3Addition# of raOj aoluticm 5.728 x  10 B.
Totalw elÿ itaâdad(@ k)#
Oauali <^A 
(R tw aal)
Mobimrod OoaH Sn (ohm omi )
(9 -  <% 
lota'am.'}
. 21*6 ,b8.160 X 10 5 .808 X 10* 1705 1 .372 X lo ‘
•&5C« g .A *  X 10^ 6 .012 X 10 1701 5 .576 X 10
1.9769 * .070 X 10 9.*0* X 10^ 16% 6.968 X 10
9.(165* 1 * 9 5  X 10^ 2.S80 X 10 166* 2.556 X 10^
Addltloma of SBO^  ooltttloa 9.889 x  10 B.
.2^ £9 2.079 X  1Ô *.781 X 1665 4.477 X  1Ô
.7896 6.*62  X  lo ' l.«L *  X lo'^ 1656 9.896  X 10^
1.8971 1 .5*9  X  l 6' 1 .967 X  10 164* 1 .9*5 X  10
y /
S î o J k n o ^ s o l u t i o n
o *  n e Mt UHBJ }  C O N D U C T I V I T Y .
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: CONDUCTiViTieS Of SOLUTIONS
IN / t « M M C C  O f O^ OUND SILIC0.
- 5 -
O,
5 5L 0  G,. C.
f »
S rm  MW&%»
R(m *»
#t# of wtfnr = 146.70 m^.
Wt. of siliM * %#78 #m.
4 reo/g#. of sllioiL « 5.0 % 10^  mm.
Coadflf of wa&or bofor# nddltloo o f oilloo  ^ E^ = 4.670 % 10^ ohm % 
O oaéi of imtmsr mftw wWition of millet - - 8.899 % 10 %#m *
Addltlwm of HoCl oolotioa 5.221 % 10 M
T otal«•IS b t
«kdâsd Cono.<^(Sommai)
MooinrmclGmnHKH(mW'c:)
©
ie lm lm ti )
•1M 9 6.881 X  lÔ 5 .953  X 10^ 1854 9.340 M lô '
.3 8 ^ 1.370  X l 6 4.2%  X lÔ^ 1851 1 .959 M lÔ^
.7930 2.788 X l 6^ 6 .301  X  10^ 1846 4 .002 m.
1.8185 6 .345 X  10 1 .185 X 10^ 1B35 8.931 X 16^
5.4884 1 .186  X S1.856 X 10 1814 1 .628  X 10*^•tj%dOltloa« of B ed  so ln tio a  1 .064  x 10 V.
.2087 2.634 X  lÔ*^ 3 .770 X  lÔ^ 1818 3.546 m 10*
.6067 5 .449  X  13^ 7 .367  X  lô* 1809 7 .137  X  lô*
1.3909 l.(X »  X lô* 1.414 X  lÔ^ 17% 1.391 X  lô ’'
5 .2716 2.387 X  10 2.966 X  lô'" 1773 2.943 X  lô’^
■^daorstton by Sllloe jP$m_§aAlm
m -S x
" t .  Of «a to r = 145*32 @m.
of ftilioa - 89.31 @m.
 ^r##/@m. of alliea = 3.0 % 10^ obi.
Conûl olWtor before of ellloe 3.152 % 10 ohm
Ccmd? of water aftw  addition of sillom 2.164 % 10 ohm
-3
i4 k3 1 % X ^B  of MaJl eolution 3.221 % 10 K.
-I
-f *^/
to ta l  aalgbt 
addad (@m. ) .
OooaÇ C, 
(Bonttl)
Moainrod
(MoM Km
(ota"«.:)
e
.ms9 7 .398  % 10^ 9.887 X 10^ 1864 1.103 X 10
•5% 6 1.489 X 10^ 4 .275  X 10 1851 2.091 X lo ‘
.7430 -<2.667 X 10 8 .746 X 10 18M 3.568 X 10
1.5073 5.641 X 10^ 9 .766 X l 6^ 1835 7 .588  X 10
3.6942 1 .994 X 10^ 1.995 X 10 lot: 1.777 x U o '
id d itla a e  of B ad  so lu tio n  1 .066 z  10 B.
.d se 2.818 X lo" 5.971 X 10 1807 3 .753  X 10*
.6140 5 .666  X lO** 7 .080  X 10 1803 7 .068  X 10*
1.6986 1.287 X 10^ 1 .565  X 13*^ 1791 1.543 X 10**
/o o
Otnt/tsü/kt^ coNPucTtviry. K^.
3
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TO - laacKtsaloo o^d InWrwetatlon of aBxfftegnt»!
§1. Th# «oxie deiiortb*d In Saotion 111 #bo##d tlamt 
addition of # l«rg« (Tea of eillo# to mn p X^û oolutioa 
prodooad e »rrked loss In ocmOtietiirityt àxm to adsorption. 
no#sv«r# fmr eaeh of the three salt solutions emmined no 
9Qtib loss in {^mdootlvity hms be«s found; In f^ot s 
s l l^ t  Inorease in ccmdustivl^ ess obtslnsd» seen »fter 
sUosing for dissolution of sllios. %ese experimentsl 
results for salt soluticms mould seen surprising# t^t first 
si^t# since i t  is known that s larger oleotrokinetic chassis 
is osrried hy a silica surface in a salt solution# than in 
the correspmding tioid solution# (See date of Dulin and 
Elton (//) ( /z) in fkbles 18# 31# 19# 34). The
following interpretation of the expérimental results is 
base upon the idea th#*t &*dm>rptl<m of icms of a neutral 
salt# f dded to s silica-emter system# will be Accompanied 
by i^snges in the equilibria: of ions *lre dy forming an 
electrical double leyer at the ailics/eatsr interf&ce*
f%t a silica IntezTace in conductivity water# a 
charge exists# of the order of a few hundred e.s.u./cm^# 
depending on Um conductivity# end hence on the carbonic 
acid content (^ 7)# of the watw. (See Section V). As 
mentioned in taction XltD and further discussed in section V#
/Oi
this charge 1# premmably <tee to kdewptlon of exoeea 
bieerixmste (pmd/or h droxjl) ions into the fixed X«^ yer 
rad la bolaneed by an equivalent number of eseeae hydrogen 
lone in the diffnee layer. If a neutral a# It# e.g. potaeeim 
chloride# la ijdded to thia aye ten# potaaaina nd chloride 
lone will be adsorbed into the fixed layer to an extent 
depending on the specific chemical dsorption energies #f 
these Ions wad the electrical attraction or repulsi(w cC 
the rlre i^dy negatively charged surface, a s  the concentration 
increases# the electrokinctic chirge increases nd the 
potential decreases# censing release of positive ions from 
the diffuse layw and incorporation of more bicarbonate 
(fnd/or hydroxyl) ions Into the fixed layer due to 
lower electrioal repulsion. The net result of these 
processes will be decrease In concentration of potassium 
iuxl oiiloride ions In bulk soluticm (thf?t in the case 
of the potassium ion being probably l^ rgmr than th#t of 
the chloride ion# due to the 1 rge excess of potassium ion 
*nd deficiency of & loride ion produced in the diffuse JLiycr) 
md an increase in tbn  concentration of hydrogen ion. The 
bulk solution will# of course# remain electrically neutral 
end the relative numbers of hydrogen# bic orbonf te and 
hydroxyl ions in the bulk solution will be governed by the 
first dissociation const&nt rnd the total mount of carbonic 
ucid *md the ionic product of water. The oondnctivity of
/û3
the system will d^ osed on thm relative ebsi^es in bulk 
oooosntrstlon of bydro^a# Alorlde mA potssslun ions 
fmd on the mobilities of these ioms • the eootribation 
of bierrbom t^e ion m d eertsinly of hydroxide ion# to the 
ooaduetivity being oonsidwed negligible. Thus a relatively 
s m a ll nnmber of hydrogen ions# having h i^  mobility# 
released Into %h» bulk soluticsi would be suffieient to 
0(s%>enst te for the eondsetivlty loss due to sdson>tionmf 
some potassium nd chloride ioms.
§ 2 . On the b#4sis of the kbove mechanima the results in 
salt solutions h ve b^ e^m analysed in the following manner# 
cxMplifled by the case of potassium chloride solution i
i) âqfuilibriun concentrations# ^^ (ioma/cmZ )# of the chloride
,sion# corresponding to 2# 5 x 10 # 1#2# 5 x 10 # 1# 2 x 10 # 
normal re coamidered. The nuabers of chloride ions in the 
diffuse ?nd fixed li^ yers per cm.# ^^ # calculated
using the expressions
( i  - ^ Ÿ a t ) (?6€^.3)
in which the Vf lues of the electrokinetio potentials# ^  # 
re taken# as a first rpproxiaation# to be the ropriate 
values f o r  the neutral salt solution (Table 3/). The values 
of the dsorptiw energy# ^t appropriate concentraCioms
(Sesi nr. là)
are telrsn fren the wcmrk <m the oorreeponrling ^^ eid solution 
(Seetiom III# t^ble 21).
ii)  Tb produce the equüihMum bulk c ncwtretloue#
Initial oonceutr&ticuie (i.e. before adsorption) (mels./om )^
are require and givim by the expression
^  ('*& f  "&)
^ ta /f  (9=1Æ8«l. gf,polwie of eolutimvo;
ill)  The oonduetivitiee# K^# of the bulk soluticm 
correepofiding to these i^lues are obtained by interpolation 
from the eximrismntal r suits.
iv) The bulk ocsicantoatlons of hydrogen ion nd potassium 
icm# # re calcul ted by solving simultsneous equations
/(ff * 4   ^ 4  3^: -+ 4
nd 7Î4 = n 6 wL zi 8Cit H ^
where K ^ = messured ocmductieity# - ion coiduotsnoe 
and ttic nusWrs of bicarbonate rnd hydroxyl ions re assumed 
small eonpored ^ th  the muAmr of chloride ions.
▼ ) Due to the increase in concentr; tlon of hyürogen ic«  ^
the true electroklnetie charge «ill be lower than that for 
the i: pproprt tm cowsntration of neutral s* It and vill lie 
between nd - linear in terril tion i^ carried
out to find the w^ ltm of the electrokinetic Wi^ trge# to % 
second approximation# ^
Thus
71 4 f AA H
t
(■ad th# oorr«sî>ondlnç v»lae of the otential y *7,1» obtained 
from
^ ^  V I )
\  TT J  a Â T
v l )  ü ô in g  t h i s  nwm Vf l u s  of th s  s lm t r o k in j ^ t io  p o t< m tia l#  
s t u g s s  i » v  a r s  r s p s ü ts d *  T h is  sy stem  o f  s u o o s s n iv s  
^ p p ro x lm rtio u  I s  (Ksmtimwd u n t i l  no furth^ur s o r x s o t io n  t o  
th e  v ^ lu s  o f  th e  p o t s n t i s i  i s  smtF l l s d #  T a b le s  3 2 # 3 5 # and  
3 8  Ê ita m  Wxe v a r io u s  s t a g ^  o f  th e  o r lo u lc  t i o u  f o r  p o ts s s lu m  
^ i lo r id s #  p o ta ss iu m  n i t r a t e  xxd sodium  o h lo r id s  s o lu t io n s  
r e s p e o t i v e l y .
The snslysis of the oosipositiofi of tbe xones of 
the system may iu>v he emmplntedx
vii) The xussbwr of hydrogen ions rod potssslmn ions in 
the diffuse If yw dyo o*leulsted from
€ ^
7)-? = / t | ("/ -  ^
where ^ - the final eorreetec v lue.
viil) fhejiaahers of potssslum ions In the fixed 1 yer 
iT% e loulated from
©
Ix) 3h« aiTnbtrr a t hydrogen l<m# in tba flxad 1 yor ore 
e*l#ul&ted from
AF ;r Zl A f 4  U L.l i )
i o i
the V; lue of B  ^being the adsorption energy at the 
appr<HP2*i» te oonoentr» tion m^d obtained from the woik on 
usid #olnti<me (Seotitm III)#
x) The adsox t^ion energy of the potaeeim ion# Z # #t 
e%eh oanernitretion# is then eelsttleted from
= d r  nF^  ^ z /  ^ . ( 5 ^e. izr./i.)
The result# of these oaloulrtions for the three salt 
^lutlw s investigetec are given in Tables S3» 36 wad 3#. 
The signifiesnoe of the ooltatms heeded /If in these Tables 
is discussed in the next Section» IVO# Figs. '^ «29 show# 
diagrnnminticclly# the compositions of the monmn of the 
systems.
/0  7-
elM* C blw w # galn tifl»»  g l»«troicln « t lc  ebarg* *W  
poU ntl»^  to t»  o f  D ttlln nd MLtoa <«>)_.
Cbacamtaratlcm Cherge ^ # e .e .a . Potential 4 me.
8 X  10^ 1307 -145.0
5 X  10 1686 -134.5
-Y1 X  10 2100 -122.1
-V 2 X  10 ^>3 -121.4
5 X  10^ 3#83 -112.2
1  *  lô ' 4230 -105.2
S X  10 51S9 -9 7 .6
S .B . Hm VAlaes o f ^ g lv w  boro d lf f w  s U ^ t ly
(approx. 1 * r .)  from tiaooo w rlglm olly pobUidiod. îh lo  la  
Abo to  corroetion  o f aa error la  ow etan t#  need la  Uw 
ee lo o la tlu n  o f the p o to a tla l from the obarge.
1
KM 
mm' «M.
7l«H
ioaa/oB*
f iaK
ijmm/mkl 6.8.0.
kS9 X lof .85 % 10‘!►«2 X 10
9.41 X lo f 1.06 X lO" 1.08 X 10^
3.66 X lo'^  1.47 X lo f 1.27 X 10*'
1142
11221118
-138.1
-137a-157.0
a44 X 10^,49 X 10": 
•49 X 10^
1.51 % 10,^  1.63 X 10,: 1.62 X 10
1.50 X 10*1.40 X 10 :1.40 X 10
155115311531
-129.6-129a-139.5
-ç•40 X 10, •46 X l(g •46 X  lcr
1.99 X 10,^2.11 X 19,,2.11 X 10“
4.04 X IClt5.92 X 10,5.92 X 10
196610561966
-124.7-124.5-124.5
L is  X 1 0 ^f92  X 10 2.64 X lo'l 3.72 X 10 9.42 X ld[t 9.34 X 10 24910487 -119.1-119.1
kl4 X 19, 
X l o '
5.84 X 10^  5.80 X IX 2.65 X 10^  3.67 X 10* 55945393
-111.6-H 1.6
oTO X 10[ 
.7 0  X 16^ 5.09 X lot5.09 X 10 6.52 X lo'^5.52 X 10 41684168 -104.5-104.5
•19 X 10^  •19 X lo ’^ 6.21 X 10*6.21 X 10 1.14 X lof1.14 X 10 50935093
- 97.5- 97.5
1
i1
1
10
lABLS 3S,
lAaarvttaa  bz 5111*# from :'ota#el%w oa,orlde 
; BOo##8iv P^tafoxlwi ti^ a  tb ftodl tawMi-relive,elafltro- 
j&IWffc»» 4^ »rOT» rlrt.
bulk aqail. GomA of a '  1cm (Bomalitj) ApprojA
7l?e•X M S B ^lou/axX ian a /< n . m o l # . / # #
S *  10 125
-1 .6 6  X 10  -1 .65  X 10. -1 .S 5  X Id
RU7 X 10* 2 .84  X 10^ 8 .9 6  X  10
1 .9 6  X 1 «  U 66 X  1 «  1 .7 0  X  10^
S X 10 125
-8 .4 4  X 10,1-2 .4 8  X 10, «^ .41 X 10
4 .60  X 10|t5 .67  X 10^5 .6 8  X 10
5 .7 8  X lo j5 .9 6  X 1 «5 .9 6  X 1^
-4 1 -5 .4 1  X 10. 6 .6 9  X 10* 7 a 4  X loj1 X 10 2 -5 .8 8  X 10, 7 .6 8  X 1Ô. 7 .3 0  X iq3 -3 .5 9  X 10‘ 7 .7 0  X 10 7 .3 8  X la
8 X 10* 1 -4 .7 6  X id', e .7 8  X id* 1 .3 5  X 3^2 -4 .7 4  X Id 9 .6 9  X Id 1 .3 7  X lA
5 X 10*^ 1 -7 .3 8  X lo " 1 .1 7  X i q ' 5 .2 1  X i d2 -7 .s e  X  10 1 .8 5  X  10 5 .8 2  X l 9
1 X l ô ’ 1 - 1 . 98 X icC 1 .6 5  X 10^ 6 . 8 6  X i d2 -1 .0 8  X 10 1 .6 7  X 10 6 .8 9  X 14
2 X 10 1 -1 .4 1  X idT 1 .91  X 10* 1 .9 4  X id2 -1 .4 1  X 10 1 .9 4  X 10 1 .9 4  X 16
/ O
MwMTpfclQO ta SIUMI gygw CblorM» . olnbloiu
m
of lAliof 30%klaa = © = 1750
- 7 —1(kmM o f rnmtm tm fm e addition of silice  ^ 3«723 % lu dm
Conc7 of wo ter after addition of silice "- a , = 2.044 * 1Ô o*m *
ifeagoiikU*  ^ fff
S3A. .CgapoUMoa of *TfVf
Bid3e e q o ll. oooev o f  Ô.' ion(B o m .lity  )
yi6Ci
lolu /4»* ionb/oB^ imm/m*
S x i o ' 1 .806  X lo'^ 1 .0 8  X 10^ 1 .2 7  X ID \
5 X 10* 3.01b X l o ” lb1.&B X 10 lb1 .40  X ID
I
1
1 X lo  '* 6 .030  X 10 i62 .11  X l o lb5.82 X 10
2 X 10^ 1 .806  X 10^ lb8 .7 8  X 10 lb@.54 X lu
5 X 10 3.016  X 10 ,63*89 X 10 8.65 X XD
1 X l o ' 6.030  X 10 lb6.08 X 10 175.&S X 10
-38 X 19 .f1 .806 X 10 lb6 .8 1  X 10 1 .1 4  % lo '*
Table 53 ooatixmed o v erlea f.
/ / o
t  .m s  33 oontlnoad.
a » . Cgmaoettlan of Aifftt— laver wd final
#MWl# ma poteotielB.
Bulk e q q il. eoae? o f  OU' iom (M oneelity) ezeeeelana/m& ezeeeeio z e /o e . ezeeeei« a # /a e t
Piz*&
tf'e.eee. T *zv.
.“Ce z  10 —1*55 z  10 1 .9 6  z  lô* 2.W) X 10 1118 -1 3 7 .0
5 % lô* -2 .4 1  % 10 1 .5 8  z  lô* 1 .3 6  X lô* 15P1 -1 2 9 .3
1 Z lô"* —3 .3 9  z 10 1 .31  x  lô* 2.44 X 10* 1986 -1 2 4 .8
2 z  10* -4 .7 4  Z 10 l.OD X 10 3 .7 2  X 10* 2487 -1 1 9 .1
5 » lÔ'* -7 .3 6  % 10 8 .21  X lÔ 5.5.S X lô* 3396 -111.6
1 Z lô ’ -1.02 % 10 6.51 X 10 7 .0 6  X lô* 4166 -104.5
C Z lô ’ -1.41 % 10^ 4 .7 7  X lô ' 8 .7 8  X 10* 5096 -97.3
33C. Qaeoo t^too of nxed Urer and udeqgpUon awBegjea
BITW ^ km#
aoUc 
eopdll. eeme# efCSf iem  
(Keoneel)
----------- V-----
%
ioae/oB i. ia w /m e .
H
%-ione/ez. icxia/ae. S.eel.
2 % 10'^ 2.96 X 10 2.5 X 10 8.74 X lô* 1.07 X 10 -6.10
5 X lô ' 5.65 X 10* 2.82 X lô 1.33 X lô 1.36 X lô -7.10
1 X lô'* 7.70 X 10 3.00 X lô l.TO  X 10 1.64 X 10 —7.48
-V2 X 10 9.59 X lô* 3.90 X 10 2.10 X 10 1.98 X lô -7.72
-46 X 10 1.23 X lô 3.41 X lô* 2.88 X lô 2.64 X lô -7,78
->1 X 10 it1.57 X 10 X 10* 3.67 X 10 3.31 X 10 -8.10.
-12 X 10 1.94 X 10 3.12 X 10 4.44 X 10
A3.88 X 10 -8.25
/ / /
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Pat»##lum ; aa<otroldUmtlo chwa* and
p otn tim l dm%# Pttlln ««nd MI tom ( d ) .
Conowtretlon(Sozwlltj)* Ohergee'*e*s*m* Potentiel ^ «7*
B % 10 1187 -1 4 0 .0
6 X lo ' 1570 -190*9
-V 1991 —185 .91 X 10
-y -1 1 8 .48 X 10 8454
-y -1 1 8 .4& X 10 9444
'31 X 10 4207 -1 0 5 .0—58 X 10 6010 -96*5
/ / f
l*B« Tb* w ln ra o f ^ glvoa h«r« d iffe r  s l i^ t ly  
(approx* 1 « * •) from tte se  w lg ln a lly  pobHubed. fh ie  
i s  due to  oorreetloB o f mm «rror la  ooaatmnts meed la  the 
emloolMtlon o f the p o tm tle l from the «barge* t
I
m»,i
AdBorotlq# b» s l l l m  frow N ltrm t# SoXiitipae
8%wee##lve ^Dproxlawttlooa to  f in d  tm »  m im e# o f  th#  e l # o t r ^
H I^L99 pqtmtjal#.
Balk M Bll. 
Gone? of 
AfO/ loo 
(Bonmlitejr) IpproxS
71»/«roj
«xoom
iOftk/Mi. t o t k 9 / m l
7Î. ,/C//6j
gaols./axl
'S9 X 10 18
3
—1.35 X 10 
-1.34 X 10% 
-1.54 X 10*
1.78 X 10% 
8.30 X 10., 
8.35 X 10
1.40 X 1^ 
1.67 X liffl 
1.58 X 1»!
.. I 1 1 -2.42 X 10 
5 X 10 9 ! -2.41 X 10, 
3 1 -8.41 X 10
4.39 X lfl>%
&.O0 X 10 
3.0» X id"
3.76 X lOj 
3.03 X 10 
3.84 X 10]
11 X 10 9 
#
-3.3» X 10, 
-3.30 X 10. 
-3.30 X Id
6.87 X ld% 
7.36 X Id" 
7.39 X Id
7.14 X loj
7.83 X 10
7.83 X 10,
-V !8 X 10 1 
«
-4.73 X 10% 1.08 X lo]| 
-4.72 X 10 1.07 X 10
1.37 X 10]
1.38 X IO1
-45 X 10
i
-7.57 X 10% 1.38 X 10% 
-7.30 X 10 I 1.48 X 10’
3.84 X lo] 
3.24 X id
1 X 10
»
1
f
It, 1 16-1.08 X M ! 1.66 X 10.. 
-1.08 X id" ! 1.69 X 10’
6.8» X id  
6.30 X 10
8 X 10 1
8
-1.41 X 10% 
-1.41 X 10
1.83 X id!
1.84 X id '
1.83 X 10;
1.83 X 10
NhW
1^87 % 10^
fc41 % 10^ 
fôîîÿ
«a % iO( 
L a z  i 6 i  [34 z  1^'
Loe z iq[, Lot z 10'
1.7X z lô'. 
L7S z  lO'
bOe XLos %
long/ûR*
9.82 X 10)
1.08 X ICT
1.09 X id
1.61 X 10,1.58 X iqt
1.58 X 10
1.91 X 
1.17 X
1.J7 X 10
2.63
2.64
3.44
5.49
X 10 
X 10
/L
4.94
4.24
4.56
4.56 ;îj
/ /f
TABLE 30 .
■Adeorption ter i llloe from Pot— l u .  Bitret. solatlop.
- 0x1706.Yoltaio of aolutl
OonâX of um tw  b#fore addition of alliea K 
Coud? of wmtw uftor ddltlon of a i l l e #   ^ K
-7 -( I-»4.3% % 10 eh#
* ?.675 X 10 «
O c w a itio n  o f gan.» o f th . grat< 
36A. OoTOg«ltlm o f |»mlyATn«.^
Bolk .çptU* ooa.7 o f
A ^O j 1 0 .(BwMüUty) l a a a / m i
H
toam /m l lona/mtî
8  X 10^ t i1.00* X 10 n1.09 X 10 , s1.17 X 10
o X lo '^ n.'3.01* X 10 1.58 X 10 1.43 X l a-V 1 X 10 6.030 X 10 1.97 X 10 4.06 X K>
-Ve X 10 1.006 X 10 u2.64 X 10 9.40 X 10
5 X lO'^ 3.01s X 10 5.40 X 10* 2.67 X l ô ’
1 X 10* , 6.«K) X l ô n4.04 X 10 5.61 X lô ’-îR X 10 1.806 X 10 4.96 X lÔ‘ <«1.16 X 10
^ b l e  36  o o o t im ie d  o v w lo & f
/ / 7
Tf^HUrT M
868.  OmwBtW Ltlw o f diffam e lw « r  ^  f in a l
BsXk M B â l .  
(■aw—llty) #X##M
Mmml
» .
f* % 10 -1.54 % lo" 1.61 X 16 II1.94 Z  16 I<a6 -196.#
-b5 % 10 —S.41 M 10 1.81 X  10 1.37 X  10 1460 -16#.*
1 Z  10 -3.38 Z  lo' 1.80 X  10 8.46 % l ô " 1089 180.6
s z 10^ -4.78 % 10 1.00 X  l ô " 3.56 X 19 2404 -m .6
-V& z 10 -7.86 % lô ' 7.5) X  10 8.65 X  16 9404 -111.8
1 % 10* -1.02 X  lô " 8.43 X  10 7.16 X  10 4176 -164.6-î
8  z 19 -1.41 X  lô" 5.42 X lô ' 8.71 X  19* 4093 -6 6 .9
aec. 0 » —lu o . of tiMA ia»«- g*#
AÊJsWmWLisa%
Mk
N 6 .’ l e *  (BommI)
%F
HOi
ioB e/e*.
J i fri
1«m/66«
f i fK
lo n /« * .
71F
l e * e / * m l Em6»l. ;
8  X  19* 2.36 X  l ô 8.19 X  10* 8.40 X  10 1.04 X  10 -6 .8 #
8  X  lÔ*^ 5.09 X  l ô " 8.65 X  l ô 1.28 X  10* 1.34 X  10 -7 .U
-</1 X 19 7 .»  % lô " 8.74 X  l o " 1.61 X  l ô ’ 1.5f) X  10 -7 .4 #
-V8 X  19 1.07 X  10* 2.89 X  lô " 2.21 X  l ô ’ 8.03 X  16 -7 .6 6
5 X  19 1 .^  X  16 3.06 X  lô " 8 . 8 »  X  l ô ’ 3.45 X lô’ -7 .6 6
1 X  16* 1.69 X  10 8.84 X  10 3.36 X  l ô ’ 8.83 X -6 .1 4
8  X  l ô * 1.84 X  XO 8 . « )  X  lô " 3.65 X  10 8 . %  X  16 -8.87
ltd
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COMPOSITION Of  f l X£J> LAYBR.
©  » I70S c«"!
ï • ^ 9 Z X  O B M M f t o .
lO -
MO,
2 * 10-
F I G . 2 6i K l O  -
L O G , . C . ‘
gy»
soàivn QAorld» so lnU on. charge ^
DOt«ttU«l dmt* o f P allft end Bltao ( // ) .
Ooneentretloo(Noeneellty)* ChargeK'.e.e.n. Potential4-f8 X 10 1801 -140.6
-ff i X 10 1561 -131.5
1 X id"' 1000 -125.5
e X id^ 8 » » -110.0
5  X 10 54T0 -118.7
-31 X 10 4551 -106.5
-38 X 10 5889 -09.8
m.B. Qm valuMOf ^ given her# differ elig^tly 
(epprox* 1 av>) fnm ttaoee origiaellf puUl i^ed* Thle 
le doe to eorreetlon of en error In eonetants need In the 
e»LlonlMtlom of the potential froai the eherge.
f
Mm
Sttoe—aiifd apuroadaatlom  to find  tjrua Wm## o f  Mw 
tetoetiq i^ rgeii (#d pot#AW,k%#^
Bulk w a l l*  COQif OfCJd' lo o  (X om cX it^) Approx^ #W#»0iooa/onie l a o » /m l
X» i/VduCC
8% 10 1
8
-1.55 X 10 
-1.55 X id
8.58 X loT
8.86 X 10"
1.64 X lo l 
1.70 X lO'l
5 X 10 1
fi
-8.48 X 10 
-2.41 X Id'
5.81 X lo" 
6.67 X Id*
3.81 X iq1  
4.00 X id^
------  -V ■
1 X 10 1
8
-5.58 X 10, 
-3.58 X 10
7.46 X id ' 
7.08 X 10
7.38 X id j 
7.40 X 101
-t2 x 1 0 1S -4.74 X lo] -4.73 X 10 8.88 X Id.;: 8.71 X 10
L.57 X id !, 
1.37 X 10
6 X 10^ 1
8
-7.38 X 10, 
-7.37 X 10
1.10 X id ' 
1.B1 X 10
3.81 X lOh
3.82 X Id;
1 X i6 ' 1
8
-1.05 X 1& 
-1.03 X Id
1.44 X id ' 
1.46 X 10
3.87 X id ,
6.88 X I T
8 X 10 1
8
-1.42 X lo l 
-1.48 X Id
1.80 X id,I 
i . a  X 10
1.84  X iq l1 .84  X 10;
“I
mil icxu/ox. J
teîî? 7.87 X 10^  7.56 % 10^ 4,4,
Bîîÿ 1.06 X id^  1.09 X 10 1,1.
biîS' 1.30 X 10* 1.33 X id 4.4.
1.44 X id* 
1.48 % IT 11
1.96 X iq* 
1.99 X 10
22
Kîîf 2 .27  X iq, 2 .33  X id 55,
2.47 X iq*
2.47 X 10 11
IX
InBlÆ 89 .
fP L M . = G =. 1810folvmm of Mlvtloii
ConàX a t  x&ter before âdditiaa of elUet^  - 4#07O % \ 0
O cm ûi of w ter ft«r rddltlcA of eriXioe^  • 2.SW % W
.gf-upa».-?/:
58A, OonsoeltloQ of Wlk »>lnt4gn^
-Y L/0 Ote «te
Ô*^ ate''«ii^ ’
Bulk o q o ll. oonoÇ o f
(ïto n ta lit j)
%   ^
loo«/o«.
H
lottfl/ooi»
F2 % 10 1.206 X lÔ* 7*76 % 10 4.50 X 10
-FË X 10 ik3.015 X 10 1.09 % 10^ 1.92  X lo ‘
" V1 X 10 fi6 .050  X 10 li1 .5 5  % 10 4 .7 0  X 10
r X lo ’'’ l.» )6  X 10 lé1.4B % 10 1 .06  X  10
-(A5 X  10 3.015 X  10 lé1 .99  % 10 2 .8 2  X  l o '
'31 X  10 6 . 0 3 0  X  lÔ lé8 . 5 3  % 10 »75.80  X 10
5 X  lÔ ^ H1.206 % 10 lé8.47 % 10 If1 .18  X  10
•!
Tehlo 39 ooatiimer overleaf#
1X9-
m  oontinaeA.
6 # .  o f a iflh pe h>yer ad Si m l  aal@uIa.tM
eleotTOkinetlo eteif^cs aà natmiti&l#*
Wk cquil» wim. a t  CS.' le# G%ce#$Icne/omi mxoeenioae/oBi. axeexmlona/flB.
ritt-l
g"C.S.tl.
Fto»l
anr.
2 X 10‘ X 10 1.43 X id’’ 7.91 X lo ' 1155 -137.7.i5 X  10 -2g41 % 10 1.J6 X id’^ 1.36 X  id’ 1506 -T a .9
1  X  lo '' -5.S8 X 10 8.15 X  id* 2.88 X  i d ’ 1924 -1:3.7
2 X  id'' -4.73 * 10 5.80 X  10 4.15 X  id’ 2474 -116.8
-V6 X  10 -7.37 X  10 4.25 X  10 6 . 0 1  X  i d ’ 3424 -112.0
1  X  i d * —1.05 X  10 3.09 X  id 7.67 X  id’ 4299 —106.1
2  X  i d * - l.lt X  1^ 1.37 X  id 9.43 X  id’ 5274 —99.0
(kwo#lti3n af flx«a ttdaoxn:)tlon
the BOdXtm
:#OkOQUlX.comer of 
ÛC' Ion (Kmm&l)
%
lona/cRi iona/< %L#
%
iams/oa. lŒRs/oml E.cclL.
y2 X 10
5 * IS?
•H1 X 10
2 X 10
-vn X 10
( 31 X  10
32 X  10
2.00
5.67
7.m
9.71
1.21
1.46
1.81
I).
X  10
•1
X  10
X  10 
X  lo“ 
X  10 
X  I S ?  
X  10
1.8G X  10
II1.89 X  10
It1.87 X 13
It1.73 X  TO 
1.70 X  10 
1.65 X  10^ 
1.35 X  13
6.20 X  10 
3.62 X  lO*^
1.21 X 10 
1.53 X  13 
1.64 X  10*ij1.88 X  1-0 
2.13 X  10
7.09
8.99
1.00
1.35
1.52 
1.48
1.52
ItX 10
IV
X  10
. '» X lo
I *
X  10
l iX 10
X  10*
X  1')*
-7.06
-7.47
-7.74
-8.06
—8.35
-8.56
-0.76
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COMPOS/T/OA/  OF D I F F U S E  L A Y E A .
Q  *  I f l O  c m ' [
lOnlO
S» 10
énlO -
F IG . ZSri
0 o
TL O G ..C .
a i
COMPOSITION Of F!%BJ>
w - OtMMHO.
Af
1% lO -
F I G 2 9
3i-OG„C
•}LfS
lyg - Pig«i«^on of
In SMtion TVB um h^m Wea obtftiaad ^
tim tmmhwm of pota««lm» hydrogma end chloride Icms 
(t&klmg pot^ Mialw Alorlde eolation an «jumple) in the 
three eonee of m# eyetem# I.e. bulk eolation# dlffuee 
Iftjer nd fixed ley». SoMter# In Wdltlcm to them ##in 
loa«# other lone pro preemt# nmely bleerbm&te# hydroiqfl 
nd ^elllcete*" lone of mdmown etrueture (from diemlutloa 
of elllca). %e mmb»e of t*ieee other m^atlve lone in 
the bulk eolation «?re amell# compered with fâie nmbere of 
the mein icwe# their contribution to the diffuee leyer 
will be neg l^igible. The poeelbllity cannot be igpnoref^ # 
howewer# Lh& t one or more of these ion# may poeeee# # high 
Sorption energy nd therefore m  ^pj^eclable 
contribution to the fix^  layer#
The number# of lona/em^  in the fixed li^ yer muet
e e t i e f y  th e  r e l t  t lo n e h ip
Z.  ^  ^ A f
tribere 7 1 ^  r  n unber o f  lo n e#  e p e c ie #  i#  v r le n o y  x^# per mm  ^
o f  f i x e d  I  y er#  6  -  th e  e l e c t r o k l n e t l o  i^ « r g e  r n d i  - % e  
n e t  oh r g e  of th e  f i x e d  I  y e r .  I t  1# found t h f t  e o n s id e r e t lo n  
o f  o n ly  th e  a ^ ln  io n s #  p o ie e a itm #  h  d r o g m  nd c h lo r id e #
d M #  n o t  m t i a f y  UdLa equ* t i w .  n o n b »  o f  n i ^ t i w e  im a #
ta.f
•  g l» « a  b y
riF = ^ ^
remains uoaoooimtsd for. Thus# i t  appears that om or 
more of the biearbomate# hydroxyl nd ^ailieste"* ion# 
must be eontribotlng# to & large extent# to the oompoaltioa 
<«P the fixed Iryer.
Caleolt ticm ahova thrt only a amrll freotlon of 
o& n be bieerbonate iomai adsorption of the total 
oaxtxmute eontent of the system (obtained by ealenlstios 
from the initial oonduotirity of the water used) would 
not provide auffioient Iona to aooowt for the A.t values#
It is unlikely th; t the "allioate** ions mdce a 
large oontribution# if m^ # to the fixed layer# ainee i t  
has bem shown (Seotion ZV;%^ 1) that the preeenee or 
abeenee of the diasolved ailioa does mt# ucparmtly# 
ffeet the distributions of the other Ions in the sonea 
of the system#
It would therefore « ppear likely that Af 
represmta largely hydroxyl ions# despite the f^ot that 
the bulk eonaeotrationa# of these ions &^re ma^ ll#
Values of yi^ may be ealeul&ted from the Wlk eoneentratiensOn
of hydrogen ion end the icmie product for water# The 
adsorption energy of the hydroxyl i<m a^ y then be
/ 3 0
estimated using the eqfu^ tion
^  2.^ F  f5ee J ÏÏ ./^ )
#jWb Adsorption energy of shmut f 6 E#ml uomld be require# 
to f'seount for the values of # su#h an energy 
represMts v»y strcmg adsorption, m sup^nrt of this 
i t  may be mœticnied here Uif t  adMrption messurements 
carried out <m potassium hydroxide soluticms (described 
in Section VI) Indioete v»y strong rdtsorpticm of the 
h droxyl ion. In fact# as discussed in e^eticm VI# i t  
would nppewp thf t forces other than those of mere adswptlon 
are operative in the orse of the hydroxyl ion. It is 
probable that actual chemical reaoti<m nay take place 
between this ion wad the silice surface.
It is seen from Tkbles 53# 36 nnd 39 th^t tise 
adsorption energies of the potsssium n^d sodium ions nre 
of slmdJUr order :md sligghtly less negative than thst of 
the hydrogen i<m (Seoticm IH) in the oamwitrati<m range 
3 % 10 • 2 X 10 X. Velues of obtained from measure-
ments on x^ otassium Chloride nd potassium nitrate solutiws 
a g r e e  well over the whole renge of concentration stodie#. 
Fig. 30 shows end plotted as functions of the 
individnal lonio concentrations. These curves suggest 
thft thm adsorption energy of m  ion is «& function the 
individual ionic ocmoentrrtion raUier than the total
/ 3 /
Ionie eoneentretloa of the aolntioa# einee «hen B and
plotted a# ftmoticme of the logarithm of the total 
ionie ocmoentretion sodden ohHngee in the elopee of Uie 
curve# oeoor at low oonoentrmticm# an effect not in 
kgreenent with the thwmodynimie prediction tint thm 
adeorption energy mlxmld tend to » limiting vplue et high 
dilution*
m
u . •o
O
Wi.
,vi>
w#
O
W
o-
vr>
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s&moM V.
%h# BiMtrotclMtle Gbmrgm on slli«Mi la 
Cooâuotivlty Water#
/3 f
VA - mmoimoTi)#.
The mistaoM of #m elMtrokinotio ohargo xtpm 
slllom tn  oonâttotivity ipator bm# bo«n dmoMtmted by a 
mnbar of worker#. LeeA# wad Biomyk (3 )^^  tudng the 
etreniog potential method# repwted eleotreklmetlo 
potential# at the interftoe a# a Ametion of the apeoifie 
eomdaotivity of the eater# the potential# ranging from 
1^4# lav.» for eater of oondnotivitj .72 gennbo# to «05 me. 
for water of oonduetiwity 3 genesteo. #ood (30 oarried 
ant mrny etrewiing potential meaaureaent# at the #ilie«^eater 
iaterfaoe but fmmd no aqretem&tlo trend in the electrcdcinetio 
potmatial with the oonduativity of the eater. Be gave the 
walne «177 me. #a the mean oeer the whole range of 
ocwidnotieity ineestigated. Hoeeew# the eariation in Ml# 
rosolta at any one otmduotieitjr ea# often a# groat a# 30 me.
The eoadnotivlty of oondmtieity eater i# nenally 
attributed winl^ to hydrogen and biearbonate ion# provided 
by diaaooiatlon of oarboolo mold formed from diaaoleed 
oarbon dioxide (17). It i# to be expooted# therefore# 
that the sleotr<Ainetic eharge# at the amrfaoe of a solid 
in oondttetieity water# will di^ emd# to some extent# upon 
the oonoentration of this impurity, and hence upon the 
ooaduetieity.
Aa a«ntlonad tn tha Diaanaalaa (Caatlon HID), 
tha raanlta for odaarptlon by alUoa from aeld aolutiana 
of oooocntrutloa laaa than uboat 2 s 10 M aoggMt that 
lama other than ttasae ef the addad elaatralyta eoabrlbata 
algplfleantly to tha fera» tlon of tba alaetrloel double 
layar# Ferthar, tha reaalta for udaovptiaai from aalb 
aolutioaa (Saation IT) laad to tha eonolnolao that lama 
other tttan thoaa o f  ad iad aleatrolyta, l*a. lama from tha 
rolaact, mat be preaant Is tha Amble layer In oonoldenibla 
nombara#
fKw iKxrk to ba deaoribed is thla aaotion 
comaiata of the detaaminaticm of tha aleotroklsatlo oharga 
at alllaa intarfaoaa is water over a ranga of ecnduotivlty, 
in order to obtain eome Information aonoamlng tha double 
layer In a^tar vithont added elaetrolyte# sad bow the 
propertiaa of thla double layer dapamd on tha oooduotlvlty 
o f  tha water* tha aedlawmtation weloel^ maâuid waa uaad*
/ 3é
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S1* Blton ( 37) hM bbown, thoorwtleally uad —parti—ntully» 
that th* rat# of mdtaantatioa of & auapeaalon AT flaa 
partiale* lu an loolo liquid la affaatad aaxtcadly by the 
alaatraklMtl* potential at tha aoHd/llqold Intarfaea,
Aaa to the operation of aa elaatroal — a raeletanoa to 
the notion of the particle Uorao  ^ Its asaodated lonle 
double lay—* 11» first thooratioal tract—nt applied to 
si-herieùl partiale* but later (*4-) a similar trea tment 
ea* obtained for Irregularly shaped particle*, *hl<di 
enabled tha elactr—Inetl* oha%%* to be datavalaad fro* 
obearrationa of the rata o f  —ttllmg of thepartlcle* In 
the liquid, provided that the sorfeoe area #a* knoen. The 
aquation, a* obtained by Kltcn, na*
(jr. I.')
idiar* surface ehmrg*/cn^ , K = epsolflc conductivity 
a t  M*a *a«q>enslon, n, = rate of settling of tha suspension 
In the sbssnce of elactwvlsooslty (I.e. In s — sntratsd 
electrolyte solatlou), u. = rote of settling of the 
suspension in the given solution, ,y#, # densities of 
partiel— &nd solution rasp—tlvaly, // * —  of partici­
per ml. of —spemsloa, and araa/gB. of parcel—.
/37
S 2m Pmrtlel#-#lmad speetnana of fuaoâ sillea powd— 
woro kindly provldad by ar* 0.1. Dulin* Tbaaa had ba— 
prapurad by frttetlonal —dim—tatlom in a nnab— of large 
aiMllov pane, follomad by a alallar px— e in aaaaoring 
oyllnd—a. tp—im—e «era el—mad by treat— t alte 
boiling aqua regia and wa^ xed many times with oondnetivlty 
water, the ——ings being removad aft— o—trlfugation. 
hater stages of washing were earrisd out wi%i eat— of 
s—dnstivity ,0-.d gsnwtho.
Ooodnetiwity —ter, pr^mrsd by sash of tha t— 
methods dasarlbad in s—tl— XB was used. 3ha method used 
for water for a partioolar r— is indioatad in tha results 
e—tl—*
£ s .  Ap— tnsi the sadiSÊ—tation walooity mafcsur—snts 
were oarried out in a oylindrlosl Pyr— gla— osH, o f  
4 em. diameter, graduated witti a varti—1 —ale in —. 
{Fig.ll.). 21—trodes sealed Into tha bott— of the sell 
enabled tha eonduotivity of the snap—sian to be m—sured 
by tbs A.C. Bridge method da—rib— in G—tion la. Tbs 
oell was flttsf, at the wpar end, with o groimd glam 
stopp— which had, in turn, t— subsidlaty ground gl—s 
stopper— inlets, a, b.
/ i r
O
CL.
F I G . 31.
/ 3 ?
mwmp— Sm sUKm «mmImb wma
Milled lato the oell# ellowed to settle ont and the 
suponuiteiit eetw poured off • A etreea purified nitarogaa 
(Seetioa XB) ee# then blown throeg)% the eell# eie e tube 
pessiag tbrou({h tho sabsldiery inlet# h# &ad reeAing to 
the tettoo of the oell. This proeednre removed oarbon 
dioxide from the eell. Xhe tube me then vlthdrem and 
the oell f itte  direetly to tte tin rooelver of the still.# 
or to the delivory tube of the ion eaObwge oolxan. %e 
eell# thee filled with the pareet oondaotivity enter 
aveileble# me oleetped vertieelljr in # mter thomoetet 
et C s  .01 0# After tetapereture equi librium me etteimed 
oonetesA eonduetivity being teben me the eriteriom ef 
equilibrium - the eell me taken from the theraoetet# 
vigorooely ^aken for m fee moments to suspend the siliee 
ioftd reelmqped in the Aermoetet# After m fee minutes #»e 
settliag pertidoe prodtteed s sharp eoneave msniesus betussn 
suigHaEision wad elemr liquid# provided thst#
s) ' Timperetnre oontrol me msintulned vithin .05 0# 
b) be vibrstion oeeurred.
$ 0  masure freedom from vibration the Wmrmostat ms mounted 
on rubber eushlone and the theansost^ t stirrer woe net 
mlloeed te run very feet, fhe elmp holding the eell me 
fixed to e stand indepeodently susmted on a rubber ooebiem#
lH-0
ÜM rftt* of MttXlAg of tho pwptloloo #om
dotorolMd \e$ tiai mg tho posaago of tho bottom of . 1 0
>'■
manlsmul p##t the male gpwhmted on the eell mU# six 
to tan readlaggi ef height being taken at tm niimte Intervela# 
The eondnetlvlty earn reeorded.
The mall stepper# a# waa thon opened for a 
short tine rad the eell gently shaken# This oontaet of 
the water In the oell with the atnesphere eansed the 
eondoetiwity ef the water to Inere&se* The ocmduotivl^ 
was reeorded and the sedimentation veloelty again determined# 
The proeec^ nro waa repeated several tines# saeh tine the 
oondwetivity mnd sedimentation welooity being measured# At 
least two detcmmiBations of the velooity were made in eeeh 
ease#
The limiting velOeity# # i.e . the veloeilqr of 
eedimentatim when the eleotroviseons off oat was entirely 
negligible in mequirisom with the ordinary viseeas 
reslstanoe# was determined nfter adding oonoentrated 
iXirdraohlorie &eid to make an ip]^ roxisi$tely normal nolntiom.
The mass ef partiales per sil# of mg^ emsi<m wms 
determined by drying imA weig^ hing on a mierobalsnee# the 
partiels# separated from a known wolsme of the snspensiom.
/4-Z
Xb* dmnmlty o f tho m ilieo  m o  dotom iaod from domalty 
b o tt le  measoremeote» oerrlof' <mt <m •  e m i.le  o f  the e i l ie o  
from eh leh  th e p a rtle le^ eiseA  spoeSmene «ere ohtelnod* Xhe 
area/sB* o f  the p artlo le-elm ed  ep eelema wee detMmtmod ty  
the method of o a te lj t io  deoooqxwltloa o f h drogen poroxlOe 
deaoribed in feotlom IB § 4.
3
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Tables 40 and 41 the results for three
separate sets of measureaents# Huns A n^d B ewe oarried 
oat with eater prepared by the oonventicmal still# Ixx 
Hon C ester prepared by mans of the ion eacohange ooltaei 
ess used. The v lues of the eleetrokinetio (dwrge eere 
oaloolated using ecymtion (V# 1. )•
Fig* shoes the eleetrokinetio charge plotted 
as a function of the spécifié eonduotivity of tte eater*
The results shoe thft the velocity of sedimentstitm 
is close to the limiting velocity in water of high purity 
and decreases aearke ly as the water becomes equilibrated 
with the atmosphere* The Wmrge is seen to rise from 
125 e*s*u* in the purest eater obtained to somsehat over 
600 e*s*u* in water of ccmductivity 1 genmho* A 
conductivity of *8-1 gemsho is Wie ustml i^lue for 
**equilibriUBi eater^ in the laboratory*
I t adght be suggested that the dirrge detensining 
ion f t the siliea/oonductivity etitcr Interface is probatdy 
the bicarbonate itm* However# the possible contritetion 
to the charge ef hydroxyl n^d oarbon* te ims must be 
considered* as discussed in Seetian XV # i t  ap;^ cars
llk*^ that the hydroxyl loa powMses a high adsorption 
onargy end homo#, teonlto tho ao&U isnbM* of tbooo iono 
In tho balk of tbm liquid, tho ooatritetio& to tho 
olootrioal doable li^or oe&g bo approol&MLo. Adoorptlon 
oxperlmnto eorriod oat la potooeloa hydroxide aolatlano 
(Seetloa VI) dso Indleote otrong iïdsœrptlw of the 
h /droxyl Ion*
ColoolKtlcm of tho eleetrokinetio potentiel 
using the eaR^ reoolon doe to Verov «^nd Overbeidc ( ^ )• tlx
H r
#6w# 71 ^  mmber cf ehw^ e-Aetwrninl:^  Ions# of vaXsncy z. # 
per ml # £  -  dttelMtrlo mnstant In the eleotriml âm M m
layw# A - Boltmmmm*# oometent#  ^ - deotromie ahm rg»,
T =. absolute temÿ^ swture n6 ^ = eleotroklnetle poteatial# 
may not be etrletly eorreot# slnoe i t  was derived for m 
single electrolyte specie#. For a  system eimt&ining a 
number of ions# of mixed vslenelee# the r pjn*oprlr te 
eorresponding expression is (see AppendixX )J ' l€
shore Is the nuaiber of Ians, speoleo t , of voleav •
per ml. The nualwo of l;mo, n ,^ n^ ,^ n^ ^^  In
ooadtoetlelty soter aoty be eeleulrted from the meeoured
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conàttotlvi^» the disswintioo of ocrtealc aeld
rjoA the lonio preduet of wrtsr# if the eooduotivity ie 
aeeuMd due to these Ions (17). Ion eoa^ taotanoes end 
(lissoeirtion eons tent# need tre listed in AMWdix Ü • 
Calealetion has shown thst the oontribution of the osrbonmte 
ion to the mwmvtion term in equation (Y.3) is negligible# 
This eqoption therWore redness to the Verwey «nd Overbeek 
expression (equation V.2) in shieh n g n  ^ >
The eleetrokinetie potentiels given in Teble 42 have 
therefore been e&lonl* ted using eqnaticm V.2. Values ef 
^le eleetrokinetie aimrsB used in these esloul tions were 
taken from the smoothed eurve in Fig»52. The eleetrokinetie 
potential is show plotter as  ^ function of the conductivity 
of the water in Fig. 55.
40JL
A>. Ifc
Of o illem  per ml» of «uipoaoiom  ^ S»096 x  10 gm»
4^ X.Aro#/#K. of sillM   ^ 1»0O X 10 on»
Dooolty of allioo « S#g7 @m# mm.&
3limiting rolooitqr of oodimomtation = 5»407 x 10 mm#/eocw
Bum.
i^uolflq  •ondaotivlty  
o f UKtor X (gecatao).
SodlmomtB tion  u o lo e ltx  u. (om./ooo.).
C2MPg«
#»#»%#
B •S04S 9.537 * 10* 167.6
A .4173 3.317 X 10^ 166.6
B .4709 9.933 % 1Ô' 167.4
B .5816 3.846 X lo' 241.8
B .6497 5.187 X id’ 884.6
A .7420 3.100 X id’ 999.0
A .8346 3.000 X id’ 409.0
B .9968 2.984 X id’ 471.1
A 1.066 2.869 X id’ 538.0
/4 é^
-VHass of a lllM  par m l. o f nu^pM».OB = 5.740 x  10 go.
f  1.%re*/gm# of siliM = 1.40 % 10 mm# 
o f  s lU o a  = 2 . ^  i p .  miû^
-3Umitimg v#l#olty of aodlmototioo = 9.058 x  10 mm./mo#
Spaoifle eoadumtlvlty of matar K 
(gm m w hii).
adfmmntrntionualmoltqr ^(qm ./aa#.).
(Sxurgtda.a.m.
.8495 8.905 % 10*' 185.0
.3696 8.916 X 19 146.4
.4830 8.895 X 19 181.8
.6375 8.795 X 10 889.1
.9940 8.504 X id 459.0
tho Tolooitioa ^v#m in TaUoa 40 rnû 41 o^ro Cf^ louli^ toA 
from tbo oxperlsimital obaomtlono by tbo method of lemim* 
sqoaree.
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A trmd in the eloots<oklMtio ^mrg#
rnd potential# at the olllea/eondaetlel ty eater interface# 
with the ocnânetleitj of the water# hmm been fownd# It 
le noteworthy thft the wariatiofi In lAe reealte of wood 
(eee Seeti<m VA)# at any cm# oondnetiwity# wee often a# 
gyeet ee the total werietlon in the preeent figcree ovw 
the whole OLOdnotlvlty range *0-1 geanho*
The pretwit reralte ehow on inoroaae in potential 
with inorofteing oondnetiwity# oozvesfxaediing to en inoreowe in 
hioorbonr te ton  ecaoentration end a doereeee in hydroxyl ion 
oonoentTA tion* Althoo^ the h^ droac^ rl ion ooneentrr tion ie 
email# i t  ie likely (See Section IV) that thie ion mftkee 
a considerable oontribatlon to the charge in the fixed li^ yer* 
fdthont e knowledge of the adecrption mergy of the Moorbonf te 
i<m# the relative oontariLbntions of the two types of i<m to 
the charge cannot be ueeeeeed at preeent* The fret th«t 
eleotrokinetio potcntiisle generally deoreaee v^ ith inereaeing 
ooQoentrr tion of tiirrge-detetminlng lone# may be tokra a# 
eoeie iadieetion thrt the hydroxyl ion ie the more la^ portent* 
éxm menticmed in Lection VA# Lâche and Bicxyfc fownd a trend 
in the eleetrokinetie potential# bat in tSbo reverse 
direction to thrt indicated by ealcol»tion of the potential 
from the eh rge a# dMcribed in Section VC* However# i t
/S f
f  — «Bllkely tb#t ttM imparity in th« witar umA ty 
X<e«h* aaA Sloayk #&# «Btir«^ eaztemle *olA, «in— 
ooadnatiTl^ ««t#r in •qollllirita nlth n. noxml mWimphnp# 
r*r*ly po##*#### « eondatttl'vlty la «bmm of 1 gomAo. 
thooo ooritora <%oote raanlta for aater of oondoativlty as 
hi#i a# 3 gamnAo fad thalr raaolto aro tiMTafova not 
oaaparable vlth tha pressât maaaureaaata, axo^t peAapa 
la Uw o aa of thalr pareat a#tar (.79 gmmba). Xn Uiia 
ease tha too aata of raanlta differ ty only a fan allllvolta.
Pataralaatioaa of the alaotrt^dmtla Aarga «aA 
potaatial *t fhaad ailioa anrfaoas in potaaaina Aloridaa 
aodina Alorlda wad hydrocOtlorie #oid aolntioaa* hy Dnlia 
pad a  tea (/o} ( // )« here mhoaa that, at oorrwpoadiag
» -5eoaaantratioaa in tha rnn(^ fi a 10 S •• 8 s 10 H, ahilat 
tha ahergaa «ad potaatiala ia potaaaina fod aodina dhlmdte 
solutions era elosaly aiailar, those la tha aaid are
a«ksidarahly loaar. fhla dlffaranaa in tbm dhprga ia about
.rSSO a.s.u. at 5 X 10 8 sad laaraaaas to rbont 760 a.a.u.
) -> ret 8 X 10 B. At ocmoaotratioaa below ? x 10 9 the ohargaa
»od potentials beooua aiailer mt all three latarfaeea. She
solntiona used for these meaaureaeata «are made up la
*a (^iiilibrloB eater ", i.e . ooadmotleity eetw ebieh poaaeaaed
a ooadoatiwity of about .8-1 gaxAo after being alloaad
to oamm Into equilitriaa with the ataosphere, proa the
remits shorn in section VC i t  wcmld be expected that c 
ehirgc of several hundred e*s#m# would exist #t the siUec 
interface due to the bicarbcmate and hjdroxyl ion contend 
of this wstw. Swdh a #%prge would persist in the presence 
of a neutral salt butwonld be stripped < f^ by c sufficient 
emoentratiofi of mineral acid* an mplan&tioa of the lower 
charge in acid solution# then in salt solutions# is thus 
afforded* Further# at low oeaicentt t^ions (below about 
2 X 10 B) the difference between the charges in the aeid 
and the salt solutions would be expected to be small# sinoe 
such low concentra tims of mineral reid will ommse only 
mscll suppression of the carbonic # oid dissociation*
the inweaso VDlue of the chrrgs differcnee# 
mentioned above# In ^cid #nd sslt solutions# as thn  
cmmentration is increase » may be# at least in part# 
acoounted for by cmsidering the nature of the forces 
causing fom^tion of the double layer. In a salt solution# 
the oht rge due to biccAon to end hydroxyl ions will 
depend on the magnitude of the affinil^ of these ions fosr 
the surface (adsorption potential) nnô the repulsion due 
to the negative electrical potential at the surface* As 
this electrical potential is mrds less negative# by 
Increased s^lt ooocentrt tion# the repulsion will be reduced 
md i t  is to be expected thmt the contribution of these 
ions to the charge# will be larger* It must also be noted
that, «Ithon^k a «oXntion, 8 x 10 B «Ith respaot te «liMVel 
seld, wmj ooatala a rarfioiently ernmll noÉber of bloerboomt# 
eaA fayâroxyl Ions to render their eoatribntloa to the 
ooadttotirlty of the tmlk solution nsgliglhle, these lane 
may s till make rn appreeialile ocmtribntlc» to the oharge 
if  they possess a very lerge adsotptioa energy* The sssme 
ti>a*aaent eould mpply to oarbon« te lone* Thma, from the 
point of riem of the snrfaoe, a oonoentretic» of «mineral 
faOld greatM' than 8 x 10 8 tm j be need»': to render the 
afreet of bloarbeofte, hgpilroj^ l end earbonate lone negHglMLe*
Finally I t may be eoneluflsd, from the results In 
Seetloa VO, shloh shoe sxeellent agreement betusen Roms d 
«nd B (using enter from a eonvantlonal still} , on the one 
hand and Bum C on the other, that eater purified by the 
ion eaohange method is apparently free from unOesirabl» 
surf s e e  aotlea impurities*
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KOTIOH VI.;,» I’:!
slUoa ziupfae## In Potassium Hydroxide olutiotts*
.»?* Î
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As dlMusssd in section ZVC# ths wwk dsssribsd 
8 0  fi*r suggests that the hydroxyl ion msy be vwy strongly 
adsorbed by siliee# Direst nessurenent of the adsorption 
energy of ths hydroxyl ion appeared desirable end the 
possibility of determining this energy from meesuremuNots 
in solutions of strong slkslies h( s been oonsidered. However# 
several dlffioulties are imxedietely sj parent# for exss^lat 
i) eonduo time trie messwements in solutions of strong 
alkalies ere more than usually subject to error due to the 
tendeaoy to she irb corWn dioxide# to sttsA glass apparatus# 
ete.
i i } whereas the ''solvent oorreetion ' to conduotivity 
is a constant in neutral solutions and rapidly su ressed 
in #cld solutions# in i%lksllns soluticds the hydroxyl ions 
reset with earbcmic acid necessitating a constantly changing 
**solvent correction'* over s range of concwitrstion# (Bsp 
Saotlon VIB, $ 3.).
iii)  the possibility must be considered thrt the 
silica nty be attacked chemically by alkaline Mlutiims.
However# in order to establish a basis for 
fuLure detailed experimmstsl work# preliminary Investigstloms 
have been made# The eleotrokinetic chor^ nd potential 
at silicn surfaces in potassium hydroxide soluti ms have
been studies by the eedimentetlcm velocity method* Thee# 
exporimente are described in Section TIB* Also# the 
eppliestiom of the concentre tion loss teWmiqnc to adsorptiom 
by allies from potssoium hydroxide solntioms hss been studied* 
These experiments are described in Section TIG*
Although# e# expected# the results obtained ere 
of # rather complies ted nature and cannot be fully interpreted 
in terns of di^ te at prooon t sveilable# a basis for ex erlmcnt 
has been established end several useful preliminary results 
have been obtained*
id
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VIB -  The Eleetrokinetie Ch'-rg» una ^otgntiaJ. #t Sill— 
rmfuo*# in solnUo*» of rotmmaiw, Hydro*!*#.
Si. Apa»r«^ te» mnd expwlmmtal teobnicm*.
The epperatne me ee ehom in Fig* 31 and 
deeeribed in Beotian VB f B. The elemned# dried eell me 
weighed end e pertlele-eised epeelsen of eilie# (Reotion VB 
$ f ) me wmehed into the eell# After the eiliom had settled 
out, the euppmatant mter «as poured off #md imrified 
nitrogen was blown through the cell for eons time to 
displace air# The cell ms then filled with conductivity 
water# directly from the delivery tube of the ion exitfisnge 
column# sad reweig^ ied# The cell was clamped in the 
thermostat and the conductivity of the mter and the 
sedimentation velocity were measured# as described in 
Section VB^ A# The small stopper# a# (Fig# 31) ms then 
opened for a time and the mter allowed to come into 
Ciuilibrium with the «tir# The conductivity and aedteentrtioo 
velocity were sg i^n measured#
Additions of stock solutions of ;x>tas»iusi hydroxide 
were n, de by means of a weight burette# For each concentre tion 
of potassium hydroxide# the comiuctivity and sedimentatiom 
velocity sere measured# at least two determinations of the 
velocity being made in each case#
The limiting velooity# ^o# i e. the velocl^ of
sertlmmtatioa Wwn the olMtrovlMOVLo effect #mc n^ligible 
in camperleon eltn tte ordinary dcconc reeimtonce# vec 
dctemined after adding solid potccsiim hydroxide pellet# 
to m a k m  «n rpproximtely nomr?l sdntion#
The mscs of partiolcs por ml. of cnspeneion wmm 
determined by drying and mi#%ing# on m aicroWlmace# the 
p rtiolcs mmp^ mtmA tram m known volmse of the mapension. 
the srcc/#s. of the p^rtiolee wee determined by the method 
of cstslytic dccompositian of h^ drogsn peroxide described 
in Section IB § 4.
i  8. Remilt#.
the results ere shosn in Table 43. Values at 
the charge were caleulsted using ecpa tion (V.l). Fig. 34 
shove the charge plotted fs s function of the oonoentretien 
of potsssl%m l^ fdroxide.
I 3. Q«i»qla,tloo Of thi Hi iintTOkliMititt nofatial.
The oslculfctjon of the potential from the charge# 
for the esse of an slimline solution# is cos s^lioated by the 
reaction of the alkali with the Mrbonic acid present in 
the eater, thus some of the hydroxyl i<ms will# effectively# 
be replaced by bicarbonate and carbonate ions# depending 
on the relative concentreti^ ms and the equililnrium wnst nts 
of the reactions
L .
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C O j  “f" OH V "  O 'f' ^ ^ ^ 5
end •/■ o// ^  ^ ^ ^^5
the eoeipoelt on Df the Ik mil 2»ol»atl n - 1 1 1  tîm» âe:^nd 
on the quality of the e Jttd<vctivlty pert^c-^ïl'rly
In tee CAS# of the raore d ilu te  soluti on!?. Tt rild se«m 
Lh: t# in th is cas^# the knowledge of the uality  7f the 
o x&duoLlvlty 7f»ter ueed nia  ^ be even 2» re  la ^ o rt ’^ nt t. j 
In the C'ae of  ^ I t  solu-l U6 # I or r oystem contelr ng a 
number of 1 no, of iSxad ? ler^ lea , the exrres; i n r 1 Ling 
the eleotrokinetic charge ,)otential la  p^ruilx I )#
« h ere  i a  th e  m n b e r  o f  l o n e ,  ar^eeles l ,  v a le n c y  # p er  
om# o f  th e  b u lk  a o lu t io n #
The 1 oaio concentrations mad
mey be c Icul ted ae folic##%
F or e l e e t r o n e u t r a i l  ty  in  th e  b u lk  s o lu t io n #
^ ^y<ro3 ^coj (G .2 ^
&0», i f  th e  i ^ mlo p ro d u c t o f  #' te r #  ,^ # ^  = the f i r a t
nd se co n d  d ia s o o l f  t i o n  eonat4»nts o f  c a r b o n ic  a c id  
r e s p e c t i v e l y  mnd -  c o n c e n tr a t io n  o f  u n d ls s o c ia t e d
c a r W n ic  a c id #  th en
o^H ' c n  . i ^
«•//
Ho
^Co C tL  . s)
'I .
Alao# tha total oarbooie acid oontent of the system# ^
I s  given by
From equation# (VX. .), (VX,£.), (VI.4.}, (VI. i.) and (V7.6.),
 ^ ^ /■ t— .— I f  A f I  ( i L . ?)
'/r / '*'<r
Xhe total oarbcwilo add# # may be ealoul ted from
the eonduotivlty of the water use- (^7). por any 
o inoentrution of potaaalum hydroxide# giving ^  # the 
qomrtle equatlcm (VI *7.) may therefore be solved for 
Subetltutlon for %// In the earlier eqpati na then gives 
the other lomle emseentrations#
It ahould be noted that# since the rati : of the 
area of allies to the volume of solution in the ayatem 
studied WHO «mall (a prox# e m i / o m i ) #  no appreciable 
error due to adsorption of lone from the solution# la 
involve in the saloulatlon of the bulk lonie conoentratloms# 
by the method outlined «ibove#
The results of these oaleulLti jus# for dded 
o^moentratlona of potassium h droxide of 1# y# 5 x 10 #
-V 11# 2 #  5  X  10 and 1 X  10 ttoxmal ore ahoim in Table 44#
/ é l
Hsîng ;propr3st^  v lues )f the e)sclrokt;ietic oh^ i^’ge# 
tfcken fr m the gra Vi î*: FI g. Z4# the oorr^ anoodLln^  r Im
tove beori CBlculatcd# by neun?: of oqir tloa (VI*!)# Kesxilts 
rn riven lu Table 4 # The potentiel îe ‘ Vio n plotted sa 
a function of the onoentrstion of f hy iroxîdo in
rig# 5!:#
U JL
M### of m tllom /m l of m^cuion = 6.00 x 10 #m# 
Ar##/@m. of silloa = 1.40 x 10^  oa.
D coalty o f a ilio ^  > 2 .27  go# -5
Limiting v«lool^ of aedlawntatloo = 5.U35 *  10 om«/*#o
Oooo? o fKoH. Co(Hwm sl)
EpOOlflO OoadBOtlsity (Stas'«■;:).
sodlm antstlcA  V sloolW  «■ (« ■ ./s ik .)
Ohsmgo
0 e.002 X  lo  ’ 8.900 X  10 118.6
0 8.631 X  10 8.648 X  id' 428.7
6.021 % 10 1.379 X  10 8.790 X  10 443.9
3.090 % lo '
_ ' V
6.836 X 10.{ 8.791 X  lo '- i
907.8
1*144 X  10
“V
8.849 X 10 8.840 X 10
)
1688
b.SU X  1»
-j
1.960 X  10 2.891 X 10 3066
1.18U X  10 2.980 X 10 8.910 X  id 4167
%e volooltlos glvon In tMa tablo varo oaloulatod from 
tho omperlmant#! oh##m*tlimm by the method of least 
sqmaros*
/6 )
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TABLS 44.
—» *"/OonâuotlTltj of wt«r - 8*851 % 10 obn am*
OomJi o f n>/. . (■oxwl) loam/mX iO&Voi.
0 0 I i '1.543 Z 10
1 % 10 'ie.090  z  10 8.562 Z 10^
2 % 10 1.806 Z 10*' 6.W 4 Z lo"
Ô X id ' 3.015 Z 10^ 1.853 Z lo"
1 X 10* 6.030 z  10^ 6.153 Z 10*
- f2 z  19 1.206 Z 10^ 8 .2M  Z 10 *
-V6 z  10 5.015 Z 10 8.745  Z 10
1 z  10 6.090 z  1Ô' 4.265  Z 10
o f
{XtKtaml) laaa/vm i lo n a /« a .
^ C«j
lonat/aai
0 1.865 z  lo"* 1.541 z  id* 5.432 z  id*
1 X 10^ 2.926 z  10* 6.102 z  lo ' 2.449 X id*
2 X 10^ 5.644 z  10 7.689 z  10 3.844 Z 10^
5 X  10 2.031 Z lo ‘ 6.482  z  10 1.798 Z 10
1 X 10^ 4.893 z  10* o'6.037 z  10 5.386 Z id
2 X 10^ 1.111 z  10* 5.189 z  id* 4.861 Z 10
8 X 10^ 2 .8 6 6  z  10 1.653  z  10 i{6.416 Z 10
1 X  10^ 5.876 Z 10 8.882  Z id** 7.164 z  i d
TASLE 48.
-*• 7 »/ - /OoAdnetlvltgr of ««tor - 8.831 x  10 a*m mm.
u f
Co m .  o fK s y(Bomal)
Ch^ xtia 4XV.
1  % 1 0 ^ SIO -114.4
8  X  1 0 740 -114.8
ft X 10 1150 -113.9
- V1 X  10 1540 - 1 1 1 .0
-V
8  X  1 0 2070 -108.8
f t  X  10 5040 -104.3
I X  10 5970 - 1 0 0 .1
•n
%
O
>c
u
s
O
w»
• /M K ~ \ ^ H N 3 1 0 é
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VIO - Applla«ti<» a t  ta# OCTaowabratiw» W#« t«ohnlo— 
to the StodT of Ad»or3ti<» bar Slllw tx m . Pot— i—
HrtroxlOo rolotlott».
y 1. The «pporstus dosoribod In 6#otlom X •'nd the 
eatperlaental teotal<stte deeeribed In Seetlon IIB f 1 hae 
beao applied to etady of ellle^ ftwfmoe# in potameioa 
hydroxide eolutioae#
§ p. Reaults.
The rmmüLte of the first sdsorpti<m nm are 
shosn in T&ble 46* I t is imedistely sppsrent %hBt the 
loss in eonduetirity of t!bm solntimi. is r«ry grer t# • The 
Interprétation of the eondnetanee loss# in terms of loss 
in oMioentratlon of potsssinm hydroxide, is very difMonlt 
beoause of the rerotion betwew the alkali and the o&rbonio 
aold preswt in the o<mdnotivity eater. This will be 
disoussed in more detail in Section YIO. Before attesaptlng 
any detailed and|fsis of the results i t  seemed desirable 
to Investigate ehether reprodMible ooaduetanoe messursetents 
eoold be obtained. A second adsorption run vt s carried out# 
using water of conductivity as near us possible to that of 
the water used for the first run# in an attempt to (V^ id 
differences due to diffenmt quantities of carbonic mold.
The results obti Ined are shown in Table 47. A striking 
point in these results is %hm msall increase in conductivity
/é8
of the Win ter on the addition of the ground slXlaa. time
/C»—^ — le only «b ut half the value obaerved throu^ dmmt 
ttm  oouree of the previous work. The only new fsstor 
involved in this mise vas that the si lies h d been treated 
with rn alkali soluti n (during the course of the first ran) 
Subssiiuent investigatims sîiowed thrt tre' tmsnt of the 
eilios 9fith i>otsssiun hydroxide solution before washing 
Mid drying reduced the solubility in vstw; in some cases 
of prolonged tre; Wmit tb»  solubility was reduced to sere# 
However# by subsequent treatment of the silice ^ith dilute 
%cid before washing f nd drying# the n^ormal* solubility 
effect was reproduced.
The measured conductivities are ahoen plotted 
as functions of the added comcentrstimi of potassium 
hydroxide# for the two adsorption rms in Fig. * .  It is 
seen that while g^ress&ent betwemi the two sets of results 
is close for eoztccntMticms greatw thm about 10 noimal# 
wide differences occur below this concentration. The 
disagreement is presumably caused the different 
c<uiductivities due to dissolved silica in the two cases, 
were subtraction of from does not bring about
agreement between the results for the two runs# at low 
concentrations. I t is highly probable that the nature cC 
the surface is different in the two cases. Couslderimg
/6?
this oompliosticm and also the difficultiss produced by 
the reactlcm between the slkcli ivoA the carbonic scid In 
the conductivity water i t  docs no t seem possible et the 
moment to enslyse the compositions of the rones cf the 
system# ss h s^ been dome in the esses of acid «-nd sslt 
solutions# However# several importent c inclusions m^y 
be drawn from this work sad these re discussed in the 
next section VXD#
1 7 0
46
>idgorD tl3a by s i l i o a  t v t m  Potw ulTw i gyd rcad d » C o ln tlo m . 
iM ..  h t
tm  o f  r& ter » i r 3*' 3  gm. t#  o f  s i l i c s  » @m#
:rma/Rn# of silloa • 3 . 0  % l é  m t
_  ••7 I —Io f  ^6:to r  b e f o r e  e d S l t l  n  o f  s i l i c a  .  x  1 0  em .
CoDâT o f  w u ter r f t e r  a d k lit io n  o f  s i l i c a  = K; .5 0 7  x  1 0  
d d i t i  a s  o f  LOE s o lu t ia a #  1 .0  ô  z  10 H.
Total
addad
( # * . )
O t m t l i  c ,  
(Bormml)
0 I fo o ^ r o dOOB|« K n  (ohm m » )
k /
(Ota'* ad;')
.1 9 : 3 l . i ' 3 3  *  l< r 1615 3.6i?Z X id" 3 .7 7  X I d "
.5 7 8 9 .8 :  7  *  10*^ 1611 3 .8 3 0  X Id" 7 .7 4  X id "
.8 c 7 6 !:’.3 3 9  X 10^ 1 6 M 4 .  7 1  X id " 1L39 X 10^
1 .6 5 3 9 9 .6 9 8  X 1(T 1599 5 .3 6 3  X id " .  58 X id*^
3 .1 9 0 3 .01:5 X 10^ 1565 1 .0 3 4  X id ^ 5 .0 9  X ICT
IditlonB of KOH a o l o t i  >Q» 7.777 X ld * R .
.388 3 .1 4 8  X Id" 1381 1 .7 5 7  X id*^ .1 1  X lo'*^
.9r40 6 .3 9 ?  X id " If 74 4 .5 0 0  X 10^ 1 .6 6  X id "
.1 8 3 6 i . i p s  X i d 1565 1 .1 0 7  X id " 5 . , 1  X id "
3 .8 8 5 7 g.O lO  X 10'* 1546 2 .1 8 7  X id " ; .2 0  X id "
^ Kc % coWactivity of tw# SOB aoluti a  if no adsorption lock 
placs. Ibss# figures iJMlods a oorrsotiun for the oondcctivity 
loss due to rsactioa wi^ oarbmaic #oid of amount pressât in
•7 * Iw ater hmvln^ th e  c o n d u c t iv i t y  0 .0 4 ^  x  10  otm cm.
n t
tABLS 47,
U-Mliffi* anUfoxiaa solwtloo.
RTO a.
wtm of watmr tr 101*22 gm# Wt* of sills# « 80#50 
res/@m# of silloa « 3#0 x 10^  am#
Conôï of mtar bofor# aOdltlom of silloa « Iw * *^503 % 10
sGoW% of water after addltlm of silloa * 1»199 x 10 àbmem
ddltiaAs of KOH solution, 8#117 % 10 H*
Total weigjht added 
(#0* )
Gone? Co 
(Komsl)
Q MMSjiradOmkH
( t O m ’m - J )
ic /
(Ote'oib')
.P170 1#G94 X 10 1486 1.356 X id" 3 .26  X id "
• 5855 2#927 X 10^ 1495 1.556 X id" 7.93 X Id"
1#OB07 5#445 X 10^ 1488 1.7%  X id" 1 .39  X id*^
t»#4Bl9 l . î ^ l  X 10^ 1476 4.088 X  id " 3.16 X  Kf^
4.5754 î>.i4e % id" 1468 4.490 X id" 4 .3 4  X id*
liions of KOH solation# 7.777 X id" ».
#5580 3.818 X  id" 1455 2.069 X  id*^ 9.84 X id*^
1#55^ 9.578 X  id" 1445 8.373 X id"^ 2.41 X id"
4#: 458 2.153 X id* 1482 P.834 X  Id" h.57 X  Id"
ko s oondootlvity of the KOB aoluti >n If no adsorption took 
place# Xhoss figure# include a correction for the oondootiwity 
Ice# da# to reaction with carbonic mold of >mount present in 
water having the oondaotivity 3.303 x 10^  ohm 0»^
H2.
S i0 ,/K O H  S O L U T I O N .
L06..K,
F I G . 36.-6 -
- 5•5
L O G  C. KOH
VIP ~ Pi
The eoik â e se r ib e â  in Leotloa VIC has ehoen 
th&t # very large lose la oonduotanoe owora wh« « 
potasaiM hydroxide solution la equilibrated elth a l*r^ 
area of allloa* If this loaa la due solely to edaorptlon 
then the hydroxyl ion mat poaaeaa a large adaorption energy. 
Soeever# tlnee It la knoen (fro# Uie «orb on salt aolutlom#
. eotlcn IV) that the adaorptlcm energy of the potaaaiuM ion 
la oui te amall, a large eleotrc^lnetio ohar^ would be 
expeeted# due to the exoeaa hydroxyl Iona in the fixed l&yw, 
The eleetrokinetie ohrrgae# measure ^ by the aediaentLtion 
velocity method (Seotlcai VIB)» are found in fact to be 
all#&tly lower than those for the eorreapoodlog potaaaiuai 
chloride aolutloma (aee date of Dulln tod Sit a» Table 31 )# 
I t mry therefore be ooncluded that the observed oonduotlvity 
loaa# In the experiment# described In Section VIC# cannot 
be entirely due to adsorption»
Other factors possibly contrite ting to the 
oooductaac# loaa my be considéré » lose of h droxyl ion 
la possible b;^  reaction with silica in solution according 
to un equation of the type
OH % allies te* H^O ^ ’•ailioate'*
Evidence that this reectitm aiay Imiecd occur la provided 
by the fact that the onductlvlty loss in Run B (Table 47)
was Isas than that in E«m A (Tabla 46)# idwra tea amount 
of dlasolvwd alliea (izKiieatad by tbs vain# of • E^ ) was 
kao«n to be Tbs diffarsnea waa not oonstant over
a rang# of oonasntratiofi bat this mlÿit be aooountsd for 
if the ebov# ra^  otlon doaa not prooeod to eoapletlom#
54aoaodly# loss of hydroxyl Ion mry ooeur by 
ohmaloal raaatlon with the ailioa aorfaoa# A# mantlomad 
In Sootion VIC# i t  tea te an fo%md ttet# after pra treatment 
of the @ru%md ailioa w tth  alkali# mahing and drying# the 
aolid>ili^ in water la redueed» Thla woald appear to 
Indies te that the surf see layer# at iMSt# la diaaolwed 
by an alkaline solution# Canaideratlon of these points 
Indloates Umt i t  ir^ld be desirable# in fbture work# to 
earry ont a standard pretreatamt of the siliea# if possible# 
to reduoe the solubility in water to aero#
A forthw difficulty in the interpretation of 
the oonduo time trio results la oausad by the re%etion of 
hydroxyl l<ms with the oarbonio %eid p^resent in the 
oondhmtlvlty mter# Hydroxyl ims are effeotlwely removed 
#md replaeed by bloarbonate Ions wad finally earbonate tens# 
In solutions shwre no Ions are removed by adsorption on to 
a solid hase# or where the ratio area of the solld/volisse 
of solution is small mou# to render socO^k removal negligible 
(as in the ease of systems stwiled by the sedimentation 
method)# the conoentratlons of the various Icmle speoies
n s
may be calculâtes by the met^ iod âeaerlbeü In 5eeti<m VXB# 
However# In eyetcma where tee ratio area of solid/volme 
of aolution la large (a# in the expérimenta deaeribed In 
Section VIC) the relative mmabera of each ionic epeoiea 
adaorbed are not determinable without prior knowledge of 
their udaorptlon onerglea# Hence oonduetlmetrio meaaureaenta 
in tte balk aolution are not in thla ease auffiaient to 
enable analysis of the Individual ionic ooneentrmtiena#
Therefore# i t  la not clear at preaent how the 
application of the ooncentratim loaa technique# to the 
atttdy of adaorptlon from alkaline solntlons# can lead to 
résulta other than of a qualitative character# In feet# I t 
must be wqhaalaed hmre# that even eleetrokinetie meaaurementa 
will only be of value if  the quality (i.e# the carbon dk>xlde 
content) of the conductivity water used la given#
It waa ooncludcf in Section IV that the ikiaorptlan 
energy of the hydroxyl ion waa# very approximately#  ^  ^ X eel## 
the concentration of hydrcnyl ion in the salt eolutiona 
oonaldered being of the order lo'^  normal# In the potaaaiux 
hydroxide aoluticma oonaldered in thia aeotion# the hydroxyl 
ion concentration la very mwh higher and the adaorptlon 
energy of thia ion will not neceaaarlly be the acme# In 
fact# aa ia aem from Pig# 17# the adwrptlon energlea of 
the negative Iona ao far atudied tend to more negative
 -
I 7 C
Value# aa the oooeimtration riaee# In rapport of thia the 
earic on rait olutiona tea shoma (aee T#blea 36 and 39) 
that aa 7t^laereaaéa (i.e# aa # au%e#ted
to be mainly hydroxyl ion# deereaaaa# The change In miearption 
raargy for a ten^fold etenge in eoooentr t^lon# in the oaaee 
of the nitrate# chloride nd sulphate iwa# ia of the order 
1 * H K# cal# by analogy the adaorptim raergy of tea 
nydroxyl ion# in a lo'^ normal solation of potaaaium hydroxide# 
might tentatively be eatimatad to be 6 - Ir E# cal# more“•tonegative teen at cmraentratlon of 10 normal# Thla would 
give an adaorptlon raergy of the aama order ma those of 
nitrate ion and chloride ion and would eaq^ lein tte obeerved 
maghitudM of the aleetrWcinetle charge in potassium 
hydroxide aolutiona#
i 7 7
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It tea baaa ate%m ttet raaulta of oonduatteatrta 
meaawamanta of adaorptlon# by ailioa# from oXaotrolyta 
aolutloaa can be ocmbinad with alaotrcdtlnatie data to give 
imformt tlom about the eceq>oaltlom of the separate somea of 
the eleetrleal double layw# at the laterfaoe# First 
determluatlona of the raergiea Isvolved In the adaorptiw 
of individual ionic specie# have hraee beam made#
Account tea been taken of the effect of the 
solubility of groute silica on the ccmd^timetric aeaenrements# 
A number of investi^tiona concerning the solubility hfve 
been carried cut end the results are in graoral agreeetant 
with the finding# of previous workwa# Eoeever# the present 
work tea shown ttet the production of e Boilby type layer 
cm grinding or polishing the silica# aa suggested by delland 
md Ritchie (ace Section IIB)# la not a complete cjc^ aaatiom 
of the cause of the solubility# It has bema found that 
grcute silica behaves aa if a surf ace laymr undergoes 
dissolution in aqueous aoluticma# the material going into 
solution fumiteing hydrogen ioma# These#ons may be farmed 
either by dissociation of a truly dissolved# strong silicic 
sold or omy occur aa gegraioms associated with colloidal 
silica particles# Further# it tea  been found th^  t after 
disaolutiom of the surface layer in an acid or neutral 
solution# it i s  regenwated drying at ILC^ O# but after
dissolution in on slksllae madltai the extant of regeneretlam 
by mieh drying Is «uoh reduced#
The conductivities measured in the «kleorption 
experiments mf^ y be corrected for the conductivity of 
dissolved silica in the cases of mcid and of salt sclvti<ms# 
The extant of adsorption of the solute ions is sprormtly 
umsffacted by the presence of tee dissolved silica# The 
c ndwtlvity due to the dissolved silica is attributed to 
hydrogen ions and mey be treated as a straightforvsrd additive 
correction to the measured conductivities of »cld or salt 
solutions In equilibrium with ground silica# In the case 
of the preliminary work on adsorption from potassims 
hydroxide solutl cms# the silica solubility has presented 
s more coe^^csted problem but some raggestions hsve been 
made for future ^rk in this connection#
It is seen from the results in acid solution that 
the extent of adsorption is similar for the three acids 
studied and that there is close agreement between the values 
of the adsox^ ticm energy of the hydMgen ion calculr ted in 
each c#se# As discussed in Section HID# the results 
obtained for mineral acids at concentrations below about 
2 X  10 H# show that insufficient solute ions are adsorbed 
to account for the else trains tic cterge# »s measured by
/go
Dolin and Elton# Bowavar# the study of slHo surfaoas in 
eondnativity #atar# deaoribat in Saation V# tea that
an elaatrioal doubla layer ia famed by adsorbed bicarbonate 
and hydroxyl ions and it is likely ttet these icms still 
oontribute to the double layer fommtion in &eid solutions 
of low oancsntration# the work on salt solutions (Section %V) 
(Aows that large nunbers of solvent l<ms# which must be 
sminly hydroxyl# are present in the fixed layer. An adsorption 
energy of sbout f 5 or f 6 K. c l# tea been estimated for the 
hydroxyl ion at concentrations present ia such solutions 
(about 10 ncmal)# The (Kmcratr tions of hydroxyl ion are 
of thla ord^ r In uold oonooatMtlom# of «bout x  10 novnol 
bnt foil off mpldljr ## tbo ROld ooDO«ntrstlon la loar*n#o<!.
It ftppoaro nollholy that A# omlool=t#d Worptlon energleo 
of the ohlopldo» nltreto» aolpbate and bydrogon loo#, glv#a
-jTfor concentrations greater than 6 x 10 Mxuuil# will be 
npproolebly In error dne to th# odeorptlon of hydroaqrl loo.
Fig. Z7 8ta#n«rl#o« tb# bdsorptlon ^ orgy dot# tea 
f#r obtelnea. In ell o##em, K  ^ beeooee store negetlve «1th 
Inoreaelng lonlo osneentretlcsn. It 1# #eeo that the 
edmorptloo energies of tbs hydrogen, eodlnm end poteeslr»
Iqb# become more positive In tbst order, '^tber or not 
this represmts m g«Mrad trend in the adsorption energj, 
elthln # group of slmll&r i<mle species. Is  yet to be
/ ? /
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e # tm b li^ w 6 #  h en  d a t e  a r e  a e a i l a l d e  f o r  a  l a r g e  lasaber  
o f  i o a s  i t  may p ro v e  p o a a ib le  t o  o o r r e l  t e #  f o r  a  g lv e a  
eu r fa o e#  m ea ew ed  a d a o r p tlo n  m e r g ie #  « i t h  th e  e l e e t r o n i e  
n a tu r e  o f  th e  l o n e .  Suoh a r e l  t lo n e h lp  mey# o f  ooo ree#  
be o o m p llo a te d  by aitoh f a o t o r a  aa th e  e n te n t#  o f  h y d r a tio n  
o f  th e  v a r lo u e  lo n e#  a ln o e  th e  a d a o r p tlo n  en erg y  Snoltxdee 
th e m e r g y  o f  r e m v a l  o f  th e  )< ydratlon  a h e l l#
Further# the availability of adaorpti<m energy 
ds*ta# for varions ion# on a number of differwt aolid 
eurfaoee# may lead to Intereating remit# ooneernlng the 
nature of the bonding of the adaorbed ion# to the mxrt^ot 
etruoture. Reeently# woric of a similar nature to that 
deaeribed here h? a been earrled out in thla laboratory# on 
earborundom rarf&oe## (3f}. For eerborundum the eleetrokinetie 
oh* rge nd the total adaorptlon into the double layer are 
eCMMeiduit greater than for ailioa. Caleulatlon of the ionle 
odiorption «energies for oarborundum gives résulté for the 
hydrogen# sodlms and potessims Ions ehmt 1 K. eal. aasre 
positive th«n for slliea. those for the chloride and 
nitrate ions are elosely similar (in f^et preetleally 
Hentleal for the ehloride Ion) to those for silica surf sees.
I t  m l ^ t  b e t e n t a t i v e l y  su g g e s te d #  on com paring t h e s e  r e s u l t s #  
th a t  th e  a d sorb ed  n e g a t iv e  io n s  r e  b ou n ^  in  ea ch  e a se #  t o  a  
s i l i c o n  atom a t  th e  e u r fa o e #  w h i le  th e  p o s i t i v e  io n s  a r e
bound# in c o f  to n qa .^^en ntjsa n:# in
c se if o*&rbor%5ad m# to n carbon
#(i»wpWon es^ rg^ f' Is r r;%n.ûro\fd^ Lrl d‘?'able 
1: ye%' p ram ^ t e r .  If Vztlues o£ this pnancity# for a l l  io n s  
 ^nv >lved in, Ivon ^stm# ui e - nos'a# -he olectrolrlaetla 
ooLontial zKl chtirge j bm q .lonl- ted# Hmm# T»r îni? the 
n y.tin:lol^ L n r , : -rr-vi mly «ployed#
% e Æ? + e.7L^  = o
nd hence# e*,g. In the r f n  l^* c ne of - 1-nt
nlf>etrolyte
t.e
1th the ; riov?n VkIuos of  ^# # I'^r the opropri vte
ooncentr t i  ;a# h^lr^  « ;ùütl n a  y bo noXvo fo r ^  . The 
Viilue of C> 'Tnen bo celc d ted h^' 'i^  am of Uin ??su#l 
e tmtion ^
dio rr-rent ork h;;o trsted ■.-:— fa
in4^ e!Vlr\ablé %v) ■ - 1 If otJ okin^ :^ uic ta :ir;;V2v,i in one
-------- ---------------------T—— ---"---  TT--- ■ '   ' '     I IMII . I
system# to other eyeteme with different &re^  to volume 
retloe# pertimlarly in the omee of eoUoiâel eye terne W&ere# 
due to edeorption# the equilibrium ocwentretiam will be 
very mwh different from the n^ominal^  oomentretion. I t 
le tmggeeted that thle ff otor may help to eaoplaln some of 
the disagreement beteem results obtained in eleetrokinetio 
esperlnents# by different workers tnA methods.
Pinmlly# the preaent woxk es^ phasises the 
importeaoe of e kw>wledge of the cpislity of the water need 
in eleetrokinetie experiments. Ihe charge at a surface 
My be very mtmh influenced by the carbonic acid content 
of the pmrtieular specimen of conductivity w#ter used. 11 
seems probable that this factor leo My be contributory 
to the poor agreement so often found in electrokine tic 
measurement#.
A :rNDlx I .
/ » é
Am.. A gtvaM  #  of ij»»  for the Sx»w  magibvm o f
^ l n t «  le w  in  th# Dir Ax##
S 1. 9m average eoiMentretloiie of lome, , c/ 
(equivs./em.) a given point in th# diffna# layer# for 
a binary elootrolyte# re given by the Boltanann exprwaion 
(aee Introdmition)#
c; = c a  I )A
C_' r C (f^.
W w r e  C = oonoentration of lone of each aign (eqnlva#/om# )# 
in the bulk aolution far from the awrfe^ oe# =. eleetrioal 
potential ! t I* Oiatanoe X. # normal to the aurfaee#  ^ - 
eleotronie ^mrge# A - Boltanann’e oonMent# T ^  abeolute 
temperature and = lonlo valemlee of eolute lone.
For a flat eurft ee the ohRrge dletribntion in 
the dlffuee layer la given by the propri; te fbrm of the 
lOiaeœ equë^ ticm#
± 2  -  cn-i^)ûL^ é
where^  rge density at the point distant from the
^ kspreastons ÿor the e»ess nwbers of ions in the diffuse 
layer# for uni-uni valent eleetrelytee# hrve been derived 
previcwly by (hruhasMi (3? )• Derivations are ineluded here for 
the sake of oos^letsneee. Eo f a r  as Idbe vriter is &miree 
dsrivstlcms for other valency types h#3ve not previously been 
given.
- - - --------------------- ------- <—,———,—"  — —• — -  ^ "  - ■ I— !■_— v «* Vfi . .--— —L _s _ .. — —---- ..------------   .. - ---------------------  —>.-■■■ mjmj ■ rt I_I. _ I Ê Ë_____ _III iiirn I r~^ i I 1i
/ y /
surface# t  - dieleotrie corne tant of the medium.
Horn yO - A/ -  c j  } e
where N  - avogf&dro% Ifumber. 
îiano© ^   ^ - ± ][^ c  e C ^ ^ ' )  '  ^  -^ )
rtultiplylag (a.5) by nd integrating ndlth respect te^#
jT Ayv C - ^ ^ )  _ Ay»_Tj^) -/-c<vfsr. ("A K
t ^  infinite distance from the surface# i.e . Jc*r oo ^
£L^  = 0 and ;x j: o .
Hence the ecmstunt of integration in equ^  tir>n ( .6) ie
B/WTl f l  -  1 1e h -  ^ - \
/  ^  y Y - ^  ~  ^ Y ~ i f  ) ' i {
; • W /  " é [ '  ~~________ ^
S 2. innt t^ eoferoiyte.
For a uni-uniVRl«mt rlaotrolyte, equatl (A.79
3where /l^ ? mnber of ioxu/cm. of each sign# in the tmlk 
solution.
Froa the £X>ltmaann expreaalons ($1)# the total mabcra of 
exceae solute lone er cm. in the diffuse luyer# r^e given
^ j  ^ J  c ~ - /y  ^)
KO "  r  1
0
u b B tlfeu tln  f a r  d x . ,  t m n  ocp  t lo n  (A .Q ), f n  0 <Ttu.t! >n (A .9 )»
/ I  7)
whRTO S the potw\tlRl a t thr br'iad&ry iTetwmen fixed 
IK", dlf ibco i: yers.
‘ I
ri7> ,= 
■+
7</a.
% 7 r e
' [V ,:- - :
{/j "• /)
//z.
S^ T/e"
ton A =: !:ebye-RÙckcl eqiiiv îmt c ubl * ih^ elmerti?
- f - ^  I''"
'  LsTTn^ ek
l a l l  rly  frosj eqmitluns ( .10) .nd
t
(A .  u )
€ic^ ( ^ r )  " / ]
7l3> - ~  2 . }  A  I  ~ 64. /O
i 5. IMl-dlValent M cotrolyte.
I or u:\i-dlV'l^nt f!*lectr >lyt<^ # équation ( .7 ) 
rt^inoen to
/ff?
/'Ly-'
dUc I
t W A ' f c. 
é
IKpmtioM for the eateess aolut# l<m content of the dlffMo 
l$»yor# «rroa^xmding to eqentioQ#(A#9)# (a.IO) are
s: f  c - ij  (^ c
»wad ,
cj = J c  [ e ^  C ^ ) ~  ']  ^  6^  ''^ )
6
cAibetituting for ^  # from equation (è.ie)# in equation
 ^ c ^
4 (A . It)
>cl
*** 3’ ‘r ^ l î )
9mb -hXtf.
- o'"
C3> =4-
%
-  3 V.. (A .xd)
71J> = //cr =4" i  / L e^  ( ^ )
-  3 '/z.
i m l l  r l y  t r o a  e« p m tl m # («#%&) and (a « 1 8 )»
Cj . A ré c
m e
4 4
-  A^C-3>
__aKa-0 «8 laM jror the Net (a^rttm of the Dlff^w L-ycr
ai3ffi.,Jig. tm&L
§ 1. âquu.ULoaa (a.lg) nd <a«14) let d direetly to Oie 
«R)r#«#lom for the net ebrrge of the dlffhm# 1 yer, ^  » 
(Sne to eolnte loam, for n m^-wlvelwt eleotrolyte*
ama . .  ^ \ ^ ( n-j -  A i )  e  6«-'0
1 7T j oTf  ^ '
? g. 3i|fta tio fu i <A.20) rnd ( a . 2 2 )  l a i d  d i r e c t l y  t o  th e  
cK ^ rccsio n  f o r  th<5 n e t  ch  r g o  o f  t i ie  d l f r u m  1  ymr# ( /  # 
due t o  m l u t e  Io n s#  f o r  u n l - d lv r lm i t  e l e c t r o l y t e #
e,  ^ 6A.3.)
(7-
^  g# Oeoeral ex^ r^eeeion for the net cn&rgc of the Ulffuee 
Isger due to solute Ime of mixed mlenclee.
the mvar&g# mmber/omt, , of Iom • t  «peelM '- « velenagr^ -» 
at a peint la th# diffame layer #*ere the peteatlel 1# V- 
ie given tgr* (#f. U.1}(a«S}}*
Heam the ohf rg# d e m i t y r t  the point will be
^  Ti> 2 -  ^  ^  (n .^ 1 )
Applying the roisMA equrtion#
/ x "  6 ^  c  ^ - r  ( ' ^ /
*^ ie net cha rge# # ie obtsined directly from the potentiel
funetion. •Ô
mam (V = _ Ty ù6c <T'/5.?.'^
> .  ^  ‘ f.)
'f^ TT J
Integrating equation 0.7)# with respect to
:r ^  ^  C^fodtaJ:. (H.to)
Bow cLy^^o and y ;= o when X ^ PÙ
. : -  i f l ' '  ^  ( ^ 6  -  'J  A . «.)
Hmoee from  eqnetlona (B«9) *  nd (E.10)#
c  - [ ^ ']  ^  "* C '# 0 -  ']  (
n x
hîiVlX I I .
/? 3
Bata u—d IB
gaMfatm.
Dleleetrle oomtant* ( 
BoXtauna'a «cmmtttat*^  
Absolut* t«oqÿN*tmr#, T
IT
^eetronlo cha rge# ^
7^ Paredmy# f
the Oft# mofttftat# ^
AVftgadro /Y
Imlft predftct fo r. wftter at B&^C#
Flrftt dlftftMi&tlcHftfterboAlft a c id  a t  %  G#
Second d lf t f to e le t lo n  
eon # t e n t  o f  e e r b w i eadd at tîS^ C#
'/( -I= 1»30 % 10 wg. dftg.
1.1 A. 
S.141«b
-/o- 4.774 X 10 e.m.u.
s 9.6480 X 10^  muleeih#.
- 1.986 m l. deg."' mole '
r  6.89 X  10
C 6.05 X  10
-/S'
-7
Omcentrfttlem#
? 4.46 X 10 ) in gn. ioiu/iitrei
)
w/)- 5.70 X  10 )
#k5mMng mml mrreat practice# the vrlme of 6 for 
dilute aquecue solution## in tixm eouemtr# tion xnuge 
emcidered in this ecsk# he# been t&ken me tte t for ueter. (see 
Section IUA.§ B). Vftlue# givm in the litemture for thi# 
quentity vaiy considerably, the v#^ lue rdopted in the present 
cork «ÜS th« t which had been used by Dalin n^d Elton in 
odealf tlon# of the eleetrokinetie data employed.
StMivateiit DonbI* Lgycr A .
C o m ?(Som.li^} Xcm. — (a1 X  10 9.759 X  10
-f — tZ X  lo 6.901 X  10
-f —t5 X  10 4.864 X  10
«rif -b1 X  10 3.086 X 10
-*f _ -t9 X  10 9.189 X  10
••f — la5 X  10 1.880 X  10
— 3 -71 X  10 7.759 X  10
-5 .  -72 X  10 6.901 X  10
F»ot>rm fo r  o f s i* e tro b lao tle  v'gtwztlal t r t m
StalsaMB^m», Q**irgtT 
sJLaas«tosi«ijd8s$82az$sjL
«2%g6/(-rl  e4
T J  '" S T r
Fw c> In # #.%.# 71q in  i«ms/«au# ^  In millivolt#:-
) = 1.447 % 10 \
<2.
J k - r 1.934 X 10
ContS(Bormalitx)
/ , \L  ( 3 2 ^ )
1 X 10^ 1.124 X 10^
8 X 10^ 1,589  X 10
5 X 10^ 8. 15 X 10*
1 X lo"^ 5.554 X 10*
S X l  o"" S.02E X 10*
6 X id"* 7.947 X i d
1 X lo' 1.124 X i d
2 X 10^ 1.589 X 10
b) ftl^ etro ly tq .
For s' In c In #qaiv#./@m., 6~j In millivolt#,
//€4T/^ S’j  = 3.975 X 10 .
Cone?(Bon##lit7 ) (  Nkro.^ Ÿ   ^ vtr !
1 X 10^ 3.975 X i d
2 X 10^ !).618 X lo'
5 X 10^ G.%4 X lo'
1 X 10"’^ 1.236 X id
2 X 10* 1.776 X 10*
8 X 10'* 2.809 X 10
1 X 10^ 5.973 X 10* .
e X 1 0 ^ 5.618 X lo
!9C
fjOaee leo n8#d to Aewapibwfl
3fl
v^noa. #t % C.
08
HCO,
00.*
.f3ML.W Ola as
-I198.TO oia fla
44.48 otaa oa
60«60 ohm on
(40)
(40)
(40)
(40)
sowe# Of SCTlvalmfc QoWwtlvlty D#t#.
m x
BCl (41)
HMOj (42)
H^ SO.^ (42)
KOI (41)
KBO5 (41)
m c l (43)
KOH (44)
' V
KiSF-m:^ aC5g:.
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